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Part VII. Coumarins from Resacetophenone and Cyclic-/3-ketonic 
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Desai and Hamid^ showed that resacetophenone condensed with aeeto- 
acetic ester in the presence of phosphorus oxychlonde with the formation 
of 7-hydroxy-6-acetyl-4-methylcoumarin Extending this reaction to 
ethylcycIohexanoue-2-carboxylate, we find that resacetophenone under 
similar conditions, gives 7-hydroxy-6-acetyl-{r 2’ 4 3)-cyclohexeno- 

coumann (I) Its constitution was estabhshed by the fact that it gave a 
strong feme chloride reaction showing the or<Ao-position of OH and 
-COCHj groups Further, reduction by Clemmensen’s method gave 
7-hydroxy-6-ethyI-(r 2’ 4 3)-cyclohexeno coumann which was also 

prepared for comparison by condensing 4-ethyl-resoranol with cyclohexanone- 
2-carboxylate in the presence of concentrated sulphuric aad 




Other cychc*j8-ketomc esters like 4-methylcyclohexanone-2-carboxylate, 
6*methylcyclohexanone-2-carboxylate and /r<i«s-y}-dccalone-3-carboxylate 
condensed similarly with resacetophenone with the formation of 7-hydroxy> 

6- acctyl>4'-methylcyclohexeno-(l’ *2’ 4 3), 7-hydroxy-6-acetyl-6’-methyl- 
cydohexeno-(r ; 2’ * 4 • 3)-, and 7-hydroxy-6-acetyl*/r««s-octahno-(2' 3' 4 3)- 
coumatins (II). As each of them was reduable by zinc amalgam to their 

7- hydroxy-6-ethyl analogues which could be easily prepared from 4-ethyl- 
resordnol and the respective j9-ketomc esters, the constitution of these 
coumarins was clearly estabhshed. 
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Nazir Ahmad Chowdhry and R. D. Oesai 

Ethyl- 2 -keto-/rans-decahn- 3 -ca,rbo 2 cylate was prepared by the applica¬ 
tion of Kotz's* method, according to Hiickd and Goth,* but the latter 
investigators have not determined the constitution We found that oxida¬ 
tion with alkahne potassium permanganate gave a quantitative yield of 
/rans-cyclohexane -1 2 -diacetic acid , which could anse only from 3 -carboxy- 
late (III) and not from 1-carboxylate (IV) 




6 -MethyIcyclohexanone-2-carboxylate did not react with resaceto- 
phenone in the presence of phosphorus oxychloride We are busy condensing 
these esters with substituted resacetophenones as well as the preparation of 
coumanno-chromones from these coumanns 

ExperimefOal 

7'Hydroxy-6^acetyl-cyclohexeno~{l' 2’ 4 S)~coutnann —A mixture of 
cyclohcxanone-2-car1x>xylate (6 g ), resacetophenone (4 6 g), phosphorus 
oxychloride (3 c c) and dry benzene (26 c c) was heated on the water-bath 
under reflux for three hours The benzene scdution was poured off, and 
the sticky, black residue was thnce extracted with benzene (15 c c, each lot). 
The residue left after the removal of benzene crystallised from dilute alcohol 
in needles, m p 237® C (Found C, 69 6, H, 6*6, requires 

C, 69 *8, H, 6 *4 per cent.) The coumann is soluble m alcohol, acetone, 
benzene and glacial acetic acid but spant^ly soluble in hexane and petrol 
Its alcohohc solution gives a reddish-violet colouration with feme chlonde. 

The acetyl dertvaitve prepared by heating the coumann (0'5 g) with 
acetic anhydride (6 c c) on a sand-bath for three hours, crystallised from 
dilute alcohol in needles melting at 199® C (Found C, 67 *9, R, 6 *4, 
CifHuOi requires C, 68 *0, H, 6 3 per cent) 

Reduetton to l-hydroxy^f^etkyl-cydohexeno-lX' 2’ 4 3)~coumartn .—An 
alcoholic solution of the above coumann (0*6 g) was added to a m alga m ated 
zinc dust (5 g) covered with hydrochlonc aad (16 c c.) and the mixture was 
heated under reflux on sand-bath for three hours The preapitate obtamed 
on cooling was filtered off, extracted with alcdiol to get rid of zinc dust and 
the alcoholic solution concentrated, when prismatic needles rndting at 
218®C. were obtained. This was identical m m.p and mixed m p with the 
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coumann obtained from 4>ethylresorcmol and cydohexanone-2-carboxylate, 
by Z. Ahmad and Desai * 

l-Hydroxy~&-acetyl-i’-meihylcyclohexano-[i' 2’ 4 Z)-coumttnn, was 

similarly prepared from resacetophenone (6 g), 4-methylcyclohexanone* 
2-carboxylate (6 g), POCl| (3 c c), and dry benzene (20 c c) as usual, and 
crystallised from dilute alcohol in fine needles melting at 262° C Its alco- 
hohc solution gave a reddish-brown colour with feme chlonde (Found C, 
70 4 , H, 6 8, Ci«Hx «04 requires, C, 70*6, H, 5 9 per cent) Reduction 
with amalgamated zinc dust gave l-hydroxy-&-elhylA'-methylcyclohexeno- 
(1’ 2' 4 2)-coumartn, identified by m p and mixed m p with an authentic 
specimen 

A mixture of 4-ethylresorcinol (3 g), 4-methylcyclohexanone-2-carboxy- 
late (3 g) and concentrated sulphunc aad (JO cc) was left ovenught and 
poured over ice The solid crystalhsed from dilute alcohol in tiny plates 
melting at 252° C It dissolved in alkali with a yellow colour and blue fluores¬ 
cence. (Found C, 74 1 , H, 7 1 , C,,H,*0» reqmres C, 74 4, H, 7 0 per 
cent) The acetyl dertvattve crystalhsed from dilute alcohol in lustrous 
plates melting at 146° C (Found C, 72 1, H, 6 8, CxtHnOf requires 
C, 72 *0 , H, 6 *7 per cent) The methyl ether prepared by shaking the alkahne 
solution of the coumann with dimethyl sulphate crystallised from dilute 
alcohol m flat needles melting at 158° C (Found C, 74 >8, H, 7 6, 
CijHiaOs requires C, 75 >0, H, 7 *6 per cent) 

7-Hy(lroxy-Q-acetyl~5~methylcyclohexeno-{\‘ 2’ 4 2)-coumartn, was 

prepared from resacetophenone (3 g), 5-methylcyclohexanone-2-carboxylate 
(3 g), POCl| (3 cc) and dry benzene (20 cc) by the usual method and 
crystallised from dilute alcohol in small needles melting at 266° C Its 
alcoholic solution gave a reddish colour with feme chloride (Found C, 
70*8 , H, 6 0 , CitHuOt reqmres C, 70*6 , H, 6 9 per cent) It could be 
reduced to l-hyiroxy'^ethyl-fl-mdhylcyckihexeno-ty 2’ 4 • 3)-cottmaftn, 

identified by m p and mixed m p with an authentic specimen 

7-Hydro}^-6-ethyl-6''methylcydohexeuo-{V 2' '4 Z)-coumanH, was 

obtained by the usual method from 4-ethylresorcmol and fi-methylcydo- 
hexanone-2-carboxylate and crystallised from dilute alcohol in small plates 
melting at 202° C. The yellowish alkahne solution gave blue fluorescence, 
while its solution in concentrated sulphunc aad gave violet fluorescence 
(Found: C, 74*2, H, 6-9, CuHuO« requires C, 74*4, H, 7*0 per cent) 
The acetyl dertvattve crystallised from dilute alcohol m fine needles melting 
at 167° C (Found . C, 71 -8, H, 6*9 , C,4I„0« requires C, 72-0; H, 6*7 
per cent.). The metfyl ether crystallised from alcohol in lustous plates 
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melting at 127° C (Found C, 74 9 , H, 7 *7 , CirHioOi requires C, 76 0 , 
H, 7 6 per cent) 

Preparation of tran -p-decalone-i-carboxylate —This was prepared by a 
slight modification of the method of Huckel and Goth {loc ctt) 

To a cooled solution of sodium ethoxide (6 *6 g Na, 80 c c absolute 
alcohol) a mixture of /rans-^-decalone (42 g) and absolute ethyl oxalate (42 g) 
was slowly added with constant shaking, and the mixture allowed to stand 
in ice-cold water for six hours and then at the ordinary temperature for foiu 
days The mixture was freely diluted with water, and made slightly aadic 
with ice-cold hydrochloric acid, when a thick oil was precipitated This 
was extracted with ether, and the ethereal solution was extracted with 
6 per cent NaOH solution to remove the unreacted decalone The 
alkaline solution on acidification gave almost pure /rans-/3-decalone-3- 
glyoxalate which was extracted with ether, dned and recovered Its 
alcohohc solution gave a blood-red coloration with feme chloride It was 
heated in an oil-bath at 180'’ C for two hours, taken up in ether, and the 
ethereal solution extracted with 6 per cent NaOH solution to remove 
/3-decalone which was also formed as a by-product dunng heating The 
alkaline solution on acidification, gave /rans-)9-decalone-3-carboxylate which 
was extracted witli ether, dried and distilled It boiled at 145-50'’ C /6 mm. 
and immediately solidified on cooling to large, beautiful, rectangular plates, 
melting at 46° C It could be easily crystallised from hexane Its alcohohc 
solution gave indigo-blue colour with feme chloride 

Oxidation to \t9xts-cyclohexane-\ 2-dtacetic acid —To the ester (0*5 g) 
dissolved in N/10 NaOH (20 cc) 5 per cent potassium permanganate 
(40 c c) was gradually added, and thoroughly shaken Sulphur dioxide was 
passed to remove the excess of permanganate and the preopitated manganese 
dioxide was filtered off The alkaline solution was concentrated on the 
sand-bath, and strongly aadified with concentrated hydrochloric aad, 
when a crystalline acid'melting at 164° C was obtamed This was identified 
as /r 0 ns-cyclohexane-l. 2-diacetic add by mixed mdting point with an 
authentic specimen obtained by oxidising fm»s-)3-decalone with concentrated 
mtric add according to the instructions of Kandiah * 

l‘Hydroxy-^acetyl-ttam‘OctaltnO'{^' : 3’. 4. zycoumarin, was prepared 
by the usual method from resacetophenone (3 g), ^0ws-/3-decalone-3-carboxy* 
late (3 g), POG| (2 c c) and dry benzene (16 c c) The coumarin crystal* 
lised from dilute alcohol in fine needles meltmg at 250° C Its alcoholic 
solution gave brownish-red coloration with feme chloride (Found * C, 
73 *0; H, 6 *5; CuHigOt requires C, 73 >1; H, 6 >4 per cent) When reduced 
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by amalgamated zjnc, it gave 7-hydroxy-6~ethyl-tiSLiis-octahno-{2' 3‘. 4 3)- 
coumann, which was also obtained by condensmg 4-ethylresorcinoI (3 g) 
with /rrt«s-/5-decalone>3-carboxylate (4 4 g) m presence of concentrated 
sulphuric acid (15 c c) It crystallised from dilute alcohol in needles melting 
at 308° C. This coumarin forms a spanngly soluble sodium salt when treat¬ 
ed with a dilute solution of caustic soda, and gives blue fluorescence It 
could not be methylated by alkali and dimethyl sulphate (Found C, 76 2 , 
H, 7 3, CjgHiaO, requires C, 76 5 , H, 7 4 per cent) 

The acetyl derivative crystalhsed from dilute alcohol in needles melting 
at 172° C (Found C, 73 9 , H. 7 2 . C,iH „04 requires C, 74-1 . H. 7 0 
per cent) 

Summary 

Resacetophenone has been condensed with cyclic-^-ketonic esters like 
eyclohexanone-2-carboxylate, alkylcyclohexanone-2-carboxylate& and trans- 
^-decalone-3-carboxyIate in the presence of phsophorus oxychlonde with 
the formation of 7-hydroxy-C-acetyI denvatives of cylcohexeno- and octalmo- 
coumanns 
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DIFFRACTION OF LIGHT BY SUPERPOSED 
ULTRASONIC WAVES. 

By M A Govinda Rau 
Received July 11.1938 

In his recent book on Der Ultraschall, L Bergmann has reproduced some 
sinking pictures of the diffraction effects observed when a beam of hght 
traverses normally an ultrasomc sound field produced by a quartz crystal 
immersed in a hquid and simultaneously excited at two of its harmomcs 
If kiH and k^n are the two harmomcs. then beside the diffraction hnes due 
to kiH and k^n, combinational Imes due to k^n also appear A 

reference to the original paper' (1934) showed that he had also obtained 
similat combinational hnes with crystals of different thicknesses, simul¬ 
taneously excited at two incommensurate frequencies Early this year, 
in January, it was thought that a natural explanation for this phenomenon 
could be provided by the simple theory of Raman and Nath* Actually 
Mr Nagendra Nath in a pnvate commumcation to Pr<ff. Sir C V Raman, 
had indicated that according to the theory, the consequence of such a super¬ 
position of two wave systems would be to give nse to the appearance of new 
combinational hnes, whose number and mtensity will vary much with the 
intensity of either of the onginal hnes Thus new lines corresponding to 
rwi ± sn, will occur, the intensity being given by the expression 

Jr* (vi)! ?(»•). 

where J, (v,) is a Bessel function of the f h order, and Wi ■= — , ni being 

the maximum change in refractive index in the hqmd, I< the length of the 
light path in the sound field, and \ the wave length of hght 

In order to venfy these conclusions, it was thought worthwhile to 
repeat Bergmann’s experiments more systematically, and with different 
sets of frequencies and intensities The work had been partly completed 
when another paper by h Bergmann* (1938) appeared, in which besides 
some of our observations, further extensions of same to diffraction by sound 
waves set up in glass, have been beautifully recorded However, we 
pubhsh herewith some of our pictures, illustrating the effects of varying 
intensities clearly In Pig 1, two different intensities of the first order in 
(a) were obtained by slight obliquity of mcidence, and similarly also for the 
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second orders in Pig 2 (a) As is clear from the pictures m Fig 1, the combi¬ 
nation hues come out considerably bnghter about the stronger first order 
on the left Similarly m Fig 2 (c), the larger number of combinational hues 
on the right are due to the additional hnes arising out of the second order 
Une Fig 3 is reproduced just to illustrate further the large number of 
combinational lines made visible, when one of the spectra (6) is strongly 
developed combinations such as db 8ni, ± can be identified m 
the picture 

The experiments were aU earned out in the usual manner, but with two 
different crystals excited by separate oscillators, and immersed m xylol 
vertically at the opposite ends of a square glass trough 

Some theoretical aspects of these combination hues have also been 
worked out here by Mr K N Rao, but they will not be reproduced here in 
view of the recent publications of the full papers by Nagendra Nath* and 
also by E Feus • 

The author takes great pleasure in expressing in this connection his 
gratitude to Prof Sir C V Raman, at whose suggestion this work was taken 
up before Bergmann’s second paper appeared 

Summary 

Pictures are reproduced of the diffraction patterns obtamed with light 
that has traversed a system of superposed ultrasomc waves set up m a hqmd 
Besides the presence of the combinational hnes, the pictures clearly show the 
characteristic manner in which their number and intensities depend upon 
the mtensity of the original spectral orders 
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AN APPLICATION OF THE BI-PARTITIONAL 
FUNCTION Hg (P, Q) IN THE ENUMERATION 
OF DIFFERENT SAMPLES FROM FINITE 
POPULATION. 

By P V SUKHATMK, B SC., ph D 
(Slaltshctan, Imperial Inttitule of Sugar Technology, Cawupore.) 

Received June 22,1938 

(Commuiiicatcd by Prof P C Mahalanobis, i s s ) 

The bi-partitional function Hg (P, Q) is defined as 

^pM • * '^PP = 2 ; Hg (P, Q) g (9i qt • • -g,) (1) 

where P and Q stand for the partitions (^j pt Pp) and (gi g, • • q„) respect¬ 
ively of the same partible number w { = £p,= £q ,), g (qi q, • g,) is a mono¬ 
mial symmetric function of the quantities *1 • given by 

g(giga-- g,) = r (2) 

the A-function of the ;^th degree called the homogeneous product sum is 
given by 

hp^Eg{J>) (3) 

the summation being taken over all the monomial symmetric functions 
represented by the partitions of the number p , and the summation E m 
equation (1) is taken over all partitions Q of the weight ci> The properties 
of this bi-partitional function, its connection with distnbutions tn piano 
and with the combmatonal problem of which it affords solution and the 
anthmetical method of evaluating it 'or large partitions are described in detail 
in a recent paper by the author in the Phtl Trans * The practical method eff 
its evaluation put forth in the above paper is primarily due to R A Fisher 
It IS proposed in this note to exhibit its apphcation in the enumeration 
different samples of given size drawn from a fimte peculation 

We shall do well to recall the anthmetical method of evaluating 
Bg (P, Q) We need consider the special case when either P or Q contains 
two parts only. Let P -- (pi.Pt "pp) and Q =- (g,«i> —g) For evaluating 
Hg (P, Q), all the different partitions of g or (w —g) whichever is less, having 
parts less than or equal to p are hsted and the numbers of ways in which the 
parts of each of the different partitions of g or (w —g) are obtained from the 
parts of P are recorded The sum for all partitions represents Hg (P, Q) 
Thus to evaluate Hg (42*, 63) The different partitions of 3 having parts 
less than or equal to p — 3, arc recorded These are (3), (21) and (1*). The 

^ P V. Sukhatme, Phil, Trans. Roy Soc London, A, No 780, Vol 237,375-409 
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part S of the partition (3) may be obtained from the parts of (42*) m one way 
only , the parts 2, and 1, may be obtained in six wa 3 rs from the parts of (42*) 
and finally the parts of (1*) may be obtained in one way only from the parts 
of (42*) 'Hie process is sy tematical y earned out as follows 



(3) 

(21) 

(!•) 


(42*) 

1 

6 

1 

8 


giving Hg (P, Q) = 8 

A partition (Pi />* • • pp) may be interpreted to mean that of the oi == Ep, 
quantities compnsing a finite population pi quantities have a value 1 each, 
p 2 have a value 2 each and so on Conversely a finite population of size w 
can always be specified by a partition of the same weight a> 

The total number of ways in which samples of size q can be drawn from 

a population of size to is j i and is obviously equal to the number of 

ways of drawing samples of size [to — q) from a population of the same size 

All the - 1 samples will not however be different in composition 

giving different moment-statistics The number of different samples of size q 
which can be drawn from the population (Pipt- -pp), will necessarily be 
represented by such partit ons of the number q, which have the number of 
parts less than or equal to p and whose parts are chosen in all different ways 
from the parts of the partition [p^ Pt • pp) The arithmetical process 
described above clearly shows that the number of different samples of size 
q drawn from the population [pi pp) of sue to is given by Hg (P, Q); 
where P (pipt Pp) and Q * (?, ««> q) otvtce versa since Hg (P, Q)» 
Hg (Q, P) 

To take an example, suppose we have a population represented by the 
partition (1, 6, 8 12,) The interpretation attached to this partition is that 
of the 27 quantities compnsing this population, 1 has a value one, 6 have 
values two each, 12 have values three each and the remaining 8 have values 
4 each The population will be represented by means of a frequency distribu¬ 
tion as follows, 

Value of the vanate 12 3 4 

Frequency 1 6 12 8 ai27 

The problem is to enumerate all the different samples of size, say 8, 
which can be drawn from this population The necessary calculations ^e 
shown below — 
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Partitions 
of 8 of 
parts < 4 

No. of 
different 
samples 

Speoifleatioin 

12 8 4 

Frequency 

(8) 

2 



8 


495 



• 

• 

• 

8 

1 

(71) 

6 



1 

7 

96 




1 

• 

7 

48 



1 



7 

8 





7 

1 

6336 




1 

7 


4752 



1 


7 

• 

792 

(62) 

6 


2 


6 

420 





2 

6 

1848 




2 

6 


13860 





6 

2 

25872 




6 

2 

# 

66 




6 


2 

28 

(53) 

6 


6 

3 


1320 


1 


5 

• 

3 1 

336 




3 

5 


15840 


1 

• 


6 

3 

44352 




3 


6 

1120 




• 

3 

6 

12320 

(4*) 

3 

• 

4 

4 


7425 




• 

4 

4 

34650 



• 

4 

• 

4 

1050 

(61») 

9 

1 

6 

1 

• 

12 



1 

6 

• 

1 

8 



1 

6 

1 

1 

96 



1 

1 

6 

# 

5544 



1 

• 

6 

1 

7392 



# 

1 

6 

1 

44362 



1 

1 


6 

168 



1 

• 

1 

6 

336 



« 

1 

1 

6 

2016 

(521) 

12 

1 

2 

5 


11880 



1 

2 

• 

5 

840 



1 

# 

2 

6 

3696 



1 

5 

2 


396 



1 

5 


2 

168 



1 

V 

6 

2 

22176 



• 

1 

6 

2 

133066 




1 

2 

5 

22176 



• 

2 

5 

1 

96040 
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Partitions 
of 8 of 
parts < 4 

No. of 
different 
samples 

Spedfloation 
12 3 4 

Frequency 




2 

1 

6 

10080 



• 

6 

1 

2 

2016 



• 

5 

2 

1 

3168 

(431) 

12 

1 

4 

3 


3300 



1 

3 

4 


9900 



1 


4 

3 

27720 



1 


3 

4 

15400 



1 

4 


3 

840 



1 

3 

• 

4 

1400 




1 

4 

3 

166320 




1 

3 

4 

8400 



• 

4 

3 

1 

26400 




4 

1 

3 

10080 



• 

3 

1 

4 

16800 




3 

4 

1 

79200 

t42») 

3 


4 

2 

2 

27720 




2 

4 

2 

207900 




2 

2 

4 

69300 

(3*2) 

3 


3 

3 

2 

123200 




3 

2 

3 

73920 




2 

3 

3 

184800 

(51*) 

3 

1 

5 

1 

1 

676 



1 

1 

6 

1 

38016 



1 

1 

1 

6 

4032 

(421*) 

6 

1 

4 

2 

1 

7920 



1 

4 

1 

2 

6040 



1 

2 

4 

1 

69400 



1 

2 

1 

4 

12600 



1 

1 

4 

2 

8.3160 



1 

1 

2 

4 

27720 

(32*1) 

3 

1 

3 

2 

2 

36960 



1 

2 

3 

2 

92400 



1 

2 

2 

3 

65440 

(3*1*) 

3 

1 

3 

3 

1 

36200 



1 

3 

1 

3 

13440 



1 

1 

3 

3 

73920 

Total .. 

77 





/ 27! \ 







Vs 1 19»/ 


Xt will be seen that the number of different samples is 77 whtdi is equal 
to Bg {(1, 6, 12, 8). (8, 19)} - ZI9 {(8, 19,). (I, 6, 12, 8)}. 
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Part VIII. Coumarins from Alk7lc]rclohexanone>2-carboxylateB and 
7rans-/3>decalone-3*carbox7late. 

By Nazir Ahuad Chowdhry 

AND 

R D Desai 

(From the Department of Chemistry, Muslim University, Aligarh ) 

Received June 21, 1938 

(Cumraunicated by Dr R K Asundi, if sc , pfa d ) 

In continuation of our work on the synthesis of coumarins from cycfic-fi- 
ketonic esters,‘ we have now extended this investigation to the preparation 
of coumarins from 4-methyl-, 5-methyl-, and 6-methyl-cyclohexanone-2- 
carboxylates as well as /ra»s-^-decalone-3-carboxylate by the Pechmann 
me hod 6 Meth>lcyclohexanone 2 carboxylate has already been con¬ 
densed with phloroglucinol, orcinol and pyrogallol m the presence of 
concentrated sulphuric acid, by Sen and Basu,* but we find that improved 
yields of the coumanns from these phenols are obtained by using phosphorus 
oxychloride, while concentrated sulphuric aad is the best condensing agent 
for resorcinol and a-naphthol 

Exactly identical results were obtamed with 4-methyl-cyclohexanone-2- 
carboxylate and fraMS-/9-decalone-3-carboxylate which condensed readily 
with the above phenols, but 6-metbylcyclohexanone-2-carboxylate under¬ 
went coumarm condensation with all these phenols only in the presence of 
phosphorus oxychloride 

We have assumed the coumann structure for all these products because 
of their unusual stability to the action of hot concentrated alkali Sen and 
Basu {loc ett) have also observed the same stability in the case of their 
coumarins If they had the alternative structure of substituted tetrahydro- 
xanthones or cyclohexcnochromones, they would have readily undergone 
fission to the alkylcyclohexanones and resorcyhc acid as observed by Desai 
and Zafar-Uddin* in the case of cyclopentcnochromones 

Sen and Basu (loc c%t) assumed that the coumann obtained from orcinol 
and 5-methylcyclohexanone-2-carboxylate had the structure of 7-hydroxy- 
6-methyl-5' methyl cyclohexeno-(l' 2' 4 3) coumann but the absence of 
fiuurescence and yellow colour of the alkah solution of these coumanns are 
against the 7-hydroxy structure Therefore, we bdieve that this coumann is 
5-hydroxy-7-methyl-6'-methylcyclohexeno-(l'. 2' 4 3)-coamann, and Ulillf 
12 
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same is the case with the other coumanns from orcmol We have subjected 
the acetates of the coumanns from resoranol and cychc-/3-ketomc esters to 
the Fnes' Transformation in the presence of anhydroas alumimum chlonde 
under the conditions used by Limaye* m the case of 7-acetoxy-4-methyl' 
coumarin, and find that the acetyl group migrates to the nng in the 8 position 
The other possible position for migration is 6, but the coumanns having this 
constitution have already been synthesised by the authors (in the press) from 
resacetophenone and respective cyclic-/9-ketomc esters, and are found to be 
qmte different 

When the cychc-/3-ketonic esters are compared with their open-chain 
confreres like acetoacetic esters, it is found that the former are actually 
more reactive than the latter, so far as the coumann formation is concerned, 
although the cyclic esters can be looked upon as monosubstituted aceto¬ 
acetic esters where one of the hydrogens of the methylene group, and one of 
the hydrogens of the methyl group are replaced by —CHt CH, — (in the 
case of cyclopentanone ester) and -CHj-CH,-CHj groups (m the case of cyclo¬ 
hexanone esters) This is possibly due to the highly enolic character of the 
cyclic-)3-ketonic esters. The sluggishness of 6-methylcyclohexanone-2- 
carboxylate as compared with its 5-methyl- and 4-methyl'analogues can be 
attnbuted to the stenc hindrance offered by the methyl group which is m the 
or^o-position to the enolic hydroxyl Moreover, whereas the coumanns from 
dihydnc and tnhydric phenols obtained from 4-methyl and 5-methyl-cyclo- 
hexanone-2-carboxylates can be methylated by dimethyl sulphate and alkali, 
those obtained from 6-methylcyclohexanone-2-carboxylate cannot be methyl¬ 
ated under this condition vnth the excqition of the coumann from resorcinol 
The nomenclature proposed in Part I of this senes has been followed 
throughout, and in accordance with it, the coumarins from fra»s-j3-decalone- 
3-carboxylate have been named fmns-octalmo-(2' 3' 4 3)-coumann (I), 



Expennmtal 

(d) Coumanns from imie^leyUohexanone-2-carboi^late 

l-Hydroi^i'-m^l^l^lokexmo-iV 2' 4 : zycoumann —A cooled 

adlutiQu of teaoTcinol (2*5 g) and 4-methylcyclohexanone-2-carboxylate 
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(3 *5 g) in concentrated sulphunc acid (16 c c) was left overnight at the 
ordinary temperature The solid obtamed by pooling the mixture over 
ice, crystalhsed from dilute alcohol m flat needles mdting at 217° C It 
dissolved m alkali with a slight yellow colour and blue fluorescence Gmcen- 
trated sulphunc aad dissolved it to a colourless solution givmg violet 
fluorescence (Found C, 72 8 , H, 6 0 , Ci 4 Hi 40 a requires C, 78 * 0 ; 
H, 6 1 per cent) 

The acefyl denvattve obtained by heating the coumarin (0*5g) with 
acetic anhydnde (5 c c) in presence of a few drops of pyndine for 4 hours, 
crystalhsed from alcohol in long needles melting at 176° C (Found C, 70 *4 , 
H, 6 * 0 , CwHmO* reqmres C, 70 6 , H, 6 *9 per cent) 

The methyl ether prepared by shaking the 6 percmt alkaline solution 
of the coumann ( 0'6 g) with dimethyl sulphate (2 cc) ciystallised from 
alcohol in long, fine needles melting at 123° C (Found C, 73 *6 , H, 6 *7 ; 
Ci*Hi, 0 , requires C, 73*8, H, 6 6 per cent) 

7 -Hydro 3 ^~B~acetyl-i'-methyl<yclohexeno~{l' 2' 4 3)- coumann —An 

intimate mixture of 7-acetoxy-4'>methylc3iclohexenO'(l' 2' 4 3) conmarin 
(2 g) and anhydrous alunumum chloride (fig) was heated in a roond>bottom 
flask fitted with an air condenser at the temperature of 140° C for an hour 
The cooled mixture was decomposed with ice>c 6 ld hydrochlorice add, and 
the resulting solid was purified through fi per cent sodium carbonate solu¬ 
tion The solid obtained on the addition of concentrated hydrodilonc aad 
crystallised from dilute alcohol m fine, silky needles melting at 13fi° C Its 
alcohohc solution gave reddish-violet coloration with feme chloride. 
(Found C, 70<3, H, 6 * 1 , C]«Hi «04 requires C, 70 6 , H, fi>9 per cent) 

Its semtearbazone prepared by heating its alcohohc solution with semi- 
carbazide acetate for 16 mmutes, crystallised from alcohd in small plates, 
melting at 236° C (Found C, 61 *7 , H, 6 *9, Ci 7 HM 04 N’a requires C, 62 *0 ,* 
H, 6 *8 per cent) 

7. 8 ‘Dthydro 3 ^i’-ntethyl(^eloh»xenO’(l' 2' 4 * fi)-coumarin, was similariy 
obtained from pyrogallol (2 >6 g.) and concentrated sulphuric aad (12 c.c.). 
It crystallised from dilute alcohol in small, odourless cubes mdting at 266° C. 
Its alcoholic solution gave a deep green colour with ferric ddoride The 
alkahne solution showed a weak blue fluorescence, while the concentrated 
sulphuric acid solution was deep ydlow (Found. C, 68 * 1 , H, 5*9; 
C 11 H 14 O 4 requires C, 68 * 8 , H, 6 <7 per cent) 

The dtaeetyl denvattve crystalhsed from dilute alcohd m fine needles, 
mdting at 179° C (Found C, 65*6, H, fi« 6 ; CuHuOa teqtures C, 66 > 6 ; 
H, 6 >5 per cent.) 
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The dtmetkyl ether crystallised from dilute alcohol m pointed needles, 
melting at 154° C (Pound . C, 69 >9, H, 6 •&, CuHu 04 reqmres C. 70 >0, 
H, 6 >6 per cent) 

4 -Methylcydohexeno-{V * 2' 4.3)-l %-a-naphiha-pyrone prepared from 
a>naphthol crystallised from rectified alcohtfi m flat needles mdtmg at 198° C 
(Pound : C, 81 '5 , H, 6 0; CuHuOi reqmres C, 81 >8, H, 6 •! per cent) 

^Hydroxy-l-fi%etf^l~i'-nuthylcyclohexeno-{y‘ 2' 4 3)-co«»Mr(n —A 

mixture of orcmol (2 g), the ester (3 g), phosphorus oxychloride (1 cc) 
and dry benzene (10 c c) was heated on a water-bath for one hour under 
reflux The residue after the removal of benzene was crystallised from 
dilute alcohol, when tmy white plates, meltmg at 250° C, were obtained 
Its solution in dilute alkali was yellow, and non-fluorescent (Pound 
C, 73*6 , H, 6*4 ; CisHuO* reqmres C, 73*8, H, 6*6 per cent) 

The acetyl dertvahve crystallised from dilute alcohol in long, fine needles 
mdting at 185°C (Found C, 71 2, H, 6 4, C]i,H,g 04 reqmres C, 71 3, 
H, 6 *3 per cent) 

The tnethyl ether crystallised from dilute alcohol in long, fine needles 
melting at 140° C. (Found C, 74 *2 , H, 7 2 , CjaHuO, reqmres C, 74 *4, 
H, 7 *0 per cent) 

5 7-D*hydro)^-i'‘tnethyUyclohexeno-{V 2' 4 2)-coumann, was 

similarly obtained from phlorogluanol (2 6 g), the ester (3 4 g) and POOg 
(2 c c.) and crystalhsed from chloroform m plates meltmg at 265° C Its 
alkaline solution was yellow and non-fluorescent (Found C, 68 >2, 
H, 5*8, CigHjgOg requires C, 68>3, H, 5 7 per cent) 

The dtacefyl denvatwe crystallised from dilute alcohol m long pnsms 
meltmg at 128°C (Pound C, 65 3, H, 6'5, CuHuOa reqmres C, 65*5, 
H, 6 *5 per cent) 

The dimethyl ether crystallised from dilute alcohol in tmy plates meltmg 
at 133°C. (Found C, 69*8, H, 6*4, C„H „04 requires C, 70*0, H, 6 6 
per cent) 

(fi) Coumarins from fHnethyUyciohexafume-%<arhoxylate 

7-Hydro3^6'-med^kydohexeHO-{V . 2' 4 d)-eoimann, prepared from 
lesorcind, crystallised from dilute alcohol m fine, cdomless needles mdting 
at 202° C Its solution m concentrated sulphuric acid gave a violet 
fluorescence The alkaline solution was famt yellow and had a blue floures- 
cenee (Found C, 72*7, H, 6*2 , Ct4Hi40t requires C, 73*0, H, 6*1 per cent.) 

The acet^ dertvahve crystallised from dilute alcohol in colourless plates, 
mdtiugat 136°C. (Found. C, 70*3, H, 6*1; Ci4Hi,04 requires C, 70*6, 
3 *9 per cent) 
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The methyl ether crystalhsed from dilute alcohd in small needles melting 
at 118° C (Found C, 73<6, H, 6 8 , CnHiaOi requires C, 73*8, H, 6 >6 
per cent) 

l-Hydroxy-8-acetyl-5'-tHethylcyclohexeHo~(l' 2' 4 3)~cotmartn, obtained 
by the Fnes’ Transformation of 7 -acetoxy- 5 '-methyl cydohe]ceno-(l' 2 ' 4 3)- 
coumann in the usual way, crystallised from dilute alcohol in fine, silky 
needles melting at 142° C Its alcohohc solution gave reddish-violet colora¬ 
tion with fernc chloride (Found C, 70 4, H, 6 * 0 , CmHj ,04 requires 
C, 70 6 , H, 6 9 per cent) 

The semtcarbazone was a microcrystallme solid melting at 232° C 

5'-Methylcyclohexeno-{V 2 ' 4 3)-l 2~a-naphtha-pyrone, prepared fiom 
a-naphthol, crystallised from dilute alcohol in needles .melting at 173° C 
(Found C, 81 7 , H, 6 3 , CisHmOj requires C, 81 * 8 , H, 6*1 per cent) 

7 3-Dthydroxy-b'-metkylcyclohexeno-(V 2' 4 3)-coumartn,ohtame] iteaa 
pyrogallol, crystallised from dilute alcohol m tmy plates melting at 231° C 
Its solution in dilute alkali was yellow and fluorescent (blue) The alcohohc 
solution gave deep green colour with feme chloride (Found C, 68 0 , 
H, 5-8 Calc for CuHiiO* C, 68-3 , H, 6 7 per cent) 

The dtacetyl dertvattve crystallised from dilute alcohol in small needles 
meltmg at 214° C (Found C, 66 * 2 , H, 6*7, C|sH}| 0 ( reqmres C, 65 6 , 
H, 6'5 per cent) 

The dimethyl ether crystallised from heicane in needlm melting at 123° C 
(Found C, 69 8 , H, 6 6 , CuH ,«04 reqmres C, 70*0, H, 6*6 per cent) 

b-Hydroxy-l-methyl~5'~methylcyclohexeno-{V 2 ' 4 3)-coimanH, prepared 
from oranol, crystallised from dilute alcohol in colourless needles meltmg at 
260° C [Sen and Basu {loc. at) give 249° CJ Its alkahne solution was ydlow 
and non-fluorescent (Found C, 73 > 6 , H, 6 *8 Calc for CuHuOi C, 
73*8 , H, 6>6 per cent) 

The acetyl derivative crystalhsed from dilute alcohol in fine needles 
melting at 134°C (Found C, 71 0 , H, 6-2 , Ci 7 Hu ,04 reqmres C, 71 *3 ; 
H. 6*3 per cent) 

The methyl ether crystallised from hexane in fiat needles melting at 98° C 
(Found C, 74 •! , H, 7 •! ; CuHuOa reqmres C, 74*4, H, 7 *0 per cent) 

6. l-Dihydroxy-bt'-methylcycilohexeno^X 2' 4 * zycoumarm, prepared frem 
phloroglucinol crystallised from chloroform in tiny plates mdting at 262° C. 
It dissolved in alkah with a yellow colour and no fluorescence. (Found: C, 
68 - 0 : H. 5-9. Calc for C 14 H 14 O 4 . 68-3; H, 6>7 per cent.) 
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The diaedyl denvahve crystallised from dilute alcohol in small needles 
melting at IIT^C (Found C, 66*4, H, 6 '4, CuHuO, reqmres C, 65 *5, 
H, 6 >5 per cent) 

(C) Cotanartns from ^methylcydohexanone-^-carboxylaU 

This ester condenses with phenols m the presence of POQ, only 

7’Hydroxy-6'~methykydohexeHo-{V 2 ' 4 2)-coumann—h mixture of 
resorcmd (2 *4 g), the ester (4 *5 g). POCU (2 c c.), and dry benzene (10 c c) 
was heated under reflux on water-bath for two hours Benzene was decanted 
off, and the residue was extracted with three lots of benzene (15 cc eadi 
time) The solvent was removed from the combmed extracts, and the 
residue crystallised from alcohol in thick, lustrous plates meltmg at 206° C 
The yellow alkaline solution showed a blue fluorescence while its solution m 
concentrated sulphunc add was colourless but gave violet fluorescence 
(Found • C, 72 *7 , H, 6 9, C 14 H 11 OJ requires C, 73 0 , H, 6 1 per cent) 

The acetyl dertvattve crystallised from dilute alcohol m needles, melting 
at 174° C (Found C, 70-6 , H, 6 - 1 , C„Hj ,04 requires C, 70 6 , H, 6-9 
per cent) 

The methyl ether crystallised from alcohol m colourless needles, mdtmg 
at 112° C (Found C, 73*6 , H, 6 < 6 , C„H„0, requires C, 73-8, H, 6 6 
per cent) 

7 ^-D%hydroxy-^'-methylcyclohexeno-(V 2 ' 4 Z)-coumar%n, obtained 

from pyrogallol, crystallised from alcohol in tiny plates melting at 227° C 
(Found ’ C, 66 <0 ; H, 6 8 , CiiHiiO* requires C, 68 3, H, 6 7 per cent) 

The diacetyl dertvattve crystallised from dilute alcohol in pnsms melting 
at 140°C. (Found C, 65'2 , H, 5 5, C„H„0, requires C, 66 5, H, 6 6 
per cent) 

6 • 7-Dtfydf0iQ>-6'-methyl(yclohexeno-(l' 2 ' 4 3)-coumarin, obtamed 

fromphlorogludnol, crystallised from alcohol m small plates melting, at 276°C. 
(Found: C, 68 *4, H, 6 7 , CitHi 404 requires C, 68 *3, H, 6 *7 per cent) 

The dtac^l dertvattve crystallised from dilute alcohol m needles melting 
at 127°C. (Found: C, 65-4; H, 5 7, C„H„ 0 , requires C, 66 - 6 , H, 

5 *6 per cent.) 

l-Hyiroi^^-ethyl-^'^nefhykyclohexmo-iy : 2' 4 3)-eoumartn, obtained 
from 4>^^rMordnol, crsrstallised from alcohol m rhombic needles, tndtmg 
at 282° C Zta colourlefs solution in concentrated sulphunc add gave 
violet fiuorescenee, while the yellow, alkaline solution gave blue fluorescence. 
(Foond: C, 74-3; H. 7 > 2 ; CnHuO. requires C, 74-4, H, 7*0 per cent) 

A2 r 
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The acetyl denvattve crystallised from alcohol m lustrous plates, melting 
at IIS^C (Found C. 71 8, H, 6 9. C„H „04 reqmres C, 72 0, H. 6-7 
per cent) 

The methyl ether crystallised from dilute alcohol in long lustrous plates 
melting at 109° C (Found C, 74 7 , H, 7 7 , Ci 7 HwO| requires C, 75 0 , 
H, 7 6 per cent) 

5-Hydroxy-l-methyl-fi‘-methylcyclohexeno-{V 2' 4 S)-coumartn, obtained 
from orcinol, crystallised from alcohol m tmy plates melting at 235° C Its 
alkahne solution was yellow and devoid of fluorescence (Found C, 73 >5 , 
H, 6 7 , CxjHuOa requires C, 73 8, H, 6 6 per cent) 

The acetyl derivative crystalhsed from alcohol in tiny needles, melting at 
124“ C (Found C, 71 0, H, 6*5 . CivHuOa requires C, 71 3 , H, 6*3 per 
cent) 

6'-Methylcyclohexeno-(V 2' 4 3)-l 2-a~naphlhapyrone, prepared from 
a-naphthol, crystallised from dilute alcohol in long needles melting at 112° C 
(Found C, 81 6 , H, 6 >2 , CigHuOa requires C, 81 8, H, 6 1 per cent) 

(D) Coumanns from trans-P-decalone-i-carboxyUUe 

7-Hydroxy-trans-octaltno-(2' 3' 4 S)-coumartn, prepared from resoranol 
and the ester, crystallised from rectified spmt in pale-brown plates meltmg 
at 245° C Its yellow, alkahne solution gave blue fluorescence The colour¬ 
less solution m concentrated sulphunc acid gave violet fluorescnece Feme 
chloride gave green colouration to its alcohohe solution (Found C, 75 *4 , 
H, 6*8, CixHuOs requires C, 76 4, H, 6*7 per cent) 

The acetyl derivative crystallised from alcohol m fine colourless needles, 
meltmg at 192° C (Found C, 72 *8 , H, 6 6 , CxjHjoOg requires C, 73 1, 
H, G 4 per cent) 

The methyl ether crystallised from alcohol m colourless plates meltmg at 
178° C (Found C, 76*9, H, 7 1, Ci,H,oO, requires C. 76 1 , H, 7 0 per 
cent) 

7-Hydroxy-6-acetyl-trans-octaltno-{2' 3' 4 Z)-coumann, was prepared by 
the Fries' Transformation of 7-acetoxy-^ans-octalmo-(2' 3' 4 3)-coumann, 
and crystallised from alcohol in silky needles melting at 167° C Its alcohohe 
solution gave reddish-violet colour with ferric chlonde (Found C, 72*9 
H, 66, CifHioOg require< C, 73*1 , H, 6*4 per cent) 

The semtearhazone crystalhsed from alcohol m small plates meltmg at 
268° C 

Trans-octalino-i^' 3' 4 3)-l 2-a-naphthaPyrone, obtained from a- 
naphthol, crystalhsed from acetic acid m pmnted needles meltmg at 222° C 
(Found C, 82 6, H, 67 , CnHioOi requires C, 82 *9, H, 6 >6 per cent) 
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7 ^Dthydroxy-trans-octahno-{2‘ 3' 4 S)-coumarm, obtained from 
pyrogallol, crystallised from alcohol in prismatic needles melting at 267° C 
The coumann forms a very spaniigly soluble sodium salt, and cannot be methy¬ 
lated by dimethyl sulphate Its alcoholic solution gives deep bluish green 
coloration with feme chloride, while concentrated sulphunc acid dissolves 
it with a yellow colour (Found C, 71 0, H, 6 5, Ci 7 Hxg 04 requires 
C, 71 3, H, 6*3 per cent) 

The dt-acetyl derivative crystallised from alcohol in fine needles melting 
at 200° C (Found C, 68 0, H, 5 -9, C»ittaO, requires C, 68 1, H, 6 0 
per cent) 

5-Hydroxy-7-methyl4rans-octahno~{2' 3' 4 S)-coumann, prepared from 
orcinol, was a microcrystalline powder melting at 315° C It could not be satis¬ 
factorily crystallised from any solvent Its alkaline solution was yellow and 
non-fiuorescent It could not be methylated by dimethyl sulphate and alkali 
(Found C, 75 8, H, 7 2, CxgHgoOg requires C, 76 1, H, 7 0 per cent) 

The acetyl derivative crystallised from alcohol in tiny needles melting at 
184° C (Found C, 73 4 , H, 6 5 , CmHmO, requires C, 73 6, H, 6 7 per 
cent) 

6 'l-Dthydroxy-trans-octaltno-{2' 3' 4 Z)-coumarin, obtamed from 
phloroglucmol, crystallised from alcohol m small plates melting at 265° C 
Its alcohohe solution gave green coloration with feme chlondc The 
yellow, alkahne solution was devoid of fluorescence It could not be methy¬ 
lated by sulphate and alkali (Found C, 71 1 , H, 6 4, Cx 7 Hxg 04 requires 
C, 71 *3, H, 6 3 per cent) 

The diacetyl derivative crystallised from alcohol in needles melting at 
173° C (Found C, 67 9, H, 6 -2, C,xH„0, requires C, 68 1, H, 6 0 per 
cent) 

Summary 

Coumanns have been prepared from alkylcyclo-hexanone-2-carboxylates 
and fraws-jS-decalone-S-carboxylate by condensing various dihydnc and tn- 
hydne phenols either m the presence of concentrated sulphunc acid or phos¬ 
phorus oxychlond The Fnes’ Transformation of the 7-acetoxy-denvatives 
of the vanous coumanns has been studied with the purpose of comparing 
the 7-hydroxy-8-acetyl denvatives with their 7-hydroxy-6-acetyl isomers 
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§ 7 General Remarks. 

I'HEOREBts II and III of Part I dealt completdy with the way in which direct 
T's combine, and the equivalence of combmations of T’s to other transforma¬ 
tions defined by matrices Theorem IV and its complement dealt with 
the simplest case of combinations of direct T’s and inverse T~^’s In this 
part we propose to prove some very general theorems on such combinatioiis, 
in (8) and (9) (10) deals with a subclass of T designated T, whose inverses 

(T~^) behave very much like any direct T, so that Theorems II and III of Parti 
characterize completely the way in which T~^ or a product 
can combine with any T's In (8) and (9), we will notice that in all the 
theorems the sequence (zm)i on which the transformations are apphed will be 
at least a null sequence In (11) two theorems applicable to bounded 
sequences, for special subclass of T’s are proved (12) deals with the 
solution of an integral equation, an adaptation to the contmuous variable of 
Theorem IV of Part I. 

As m Part I the matrix defining a T will be denoted by |||| where 
is characterized by the four conditions of (2>l),and the matriz 
by II An,«II ^be numbering of theorems here is in continuation of the 
theorems of Part I 

§ 8. General Theorems 

Theorem V. Let S be a transformation defined by ||cm,«|| sudi that em,m 
"•On <m, and R the product of a number of direct T’s, •«., R (T^Ta • ’T^), 

20 
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defined by H « |1 = 1| aV - Ml » II * * • II «*«., • II. where H «**, , || defines 

H t =9 OO 

and let || || = || j| -H || If the set of senes E converge 

nnifonnly for all tn, then 

9$ OO 

(1) (R) •[$ (y„)] = (R S) {yn), (2) E converge uniformly for 

all m (3) the sequence S {y„) is a null one 

pom CO 

Lemma 1 E | </«,»^ /»I < ^ for all n. 

Proof Bs E EE a\ n + pi + * + ^ + + / 

Hence ^E \d„„^f\<^’E {E E\a\„ + f^\ ’ \a^n + n + f\) 

Pl’B’OO A_, P^oo 

“■ ^ I « + />il ^ l*»+^ <n+p I •^1 f p . M*-p I 

^ M oo 

Now bv condition (d) of 2 1 S | „ + ^ | < 2 

pom Q 

pomOC 

Hence E \d„ „ + ^| <2* -A [8 IJ 

Proof of Theorem V —Let € > 0, No so chosen that for all A > No and for all 
w > 0 

I E Cm,M^ ftj < < l^t m be a fixed integer, and Ao 


another fixed integer such that Ao > No and Ao > m 
Let Zm E Cn,p yp — ^ (y») 

Then 

n ^oo M Ao oo «— Ao 

*m ^ ^ <'m n yn = ^ +• ^ = £ + 9g,e. 

n *• *0 + 1 

W «« Aq 

+ r ^ Cuw + r, » y» 4 * + r * 

for w + r < Ao, 


aad *Ao+* “ ^ ®Ao+4.» yn — ®Ao + i *» [®*2] 

W “ A« + * 

where — 1 < < 1. 

Hence I^a, + *1 < • for all * > 0 proving (3) of Theorem V [8*3] 

Now dm, p Sp ^ *» Bj + B,. [8*4] 

/ •» Ap + l 

By (8-1) and (8-3) 
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By (8.2) 

Ao 

Bi = ^ p 

{ £ '‘cpr yr + «) ^ 


= Ao 

^ Am, p 

r =■ Ao ^ Ao 

^ ^P,r yr ^ ^ 


r Ao 

= £ {^Am p 

^P,r)yr + O' k € — . 


/•«= Ao 

= ^ K., yr 

+ e'ke 

Hence 

^£ dmp’Zp= £ '‘h„,ryr -i 6''‘2k e - 

Making; 

A 

p SBi OO 

s Am,p^p 

Q ^ oo We have 

= £ hm.ryr Or 


R (r„) = (R) [S (y„)] =. (RS) (y„) 

From (8 6) and (8 6) we get 

^ r ^ 

r — Ao 4-1 


-1 < fl' < 1 


[ 8 . 6 ] 

[8 6 ] 

[8 7] 


theorem V [8 8] 

Th£OR£mVI I,et S be any transformation defined by ||Cm,M || such 
that Cm,h “0 for n< m, and Rj the product of a number of direct trans¬ 
formations, te, Ri Tj, defined by \\d^[„\\ = || «"»»,,„ || •• 

II ll> &rid Ra the product of number of inverse transformations, te , R| = 
(Tr ‘ Tr 1 Tr defined by || || - || II II II where || /5V« II 

defines (Tj.“') I<et bp be the upper bound of Pn,n + p for all n 


and 


p^n 


S bp — If I £ ^ y„ 


» ==■ A 


(i) 


for all tn and for all 


sufficiently large A, then 

(Ri R,) [S (y«)] = (Ri R, S) {y„) when the latter exists 
Proof —^Let Wo be any positive integer, and Ao sufficiently large and Ao >Wo 
Let Zn = vS (v«) 


« « =■ Ao^“ 1 qo I 0 


+ £ ^ 

A« 


Then z,p,, — £ c^*,,« — £ 

« - Ao -1 

+ r =* ^ ^m»+r,nyM + ^m*r' fH' 

"A. 

for Wo -I- r < A, - 1 , - 1 < 8^ < 1. 

II Ymn II “ II • II II Pm, w 11 


^ Ba. 


[8 9] 
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« « An — 1 



;/ « Ao — 1 i 

^/ == Ao - 1 

a 

V 

Then 

^ ypti, n 

n =3 mo 

— 

^ ym^ ( 

^ ^ <^n pyp 



^ — Ao 

1 


« 

Ao " 1 




= E 

ym, 

1 n ^ 

n,p)yp + -JJ * 

^ y»hn - 

= Bi 

+ B, 



H jAo 

- 1 


«i = « 




ib.I<-b** 

^»A(, 

E 


1 ymo« 1» y»hn 

= E ^?wo«i )8«j 

//l = Wo 

L.» 




— n 


n = A« 

-- 1 «— Ao — 1 « 1 =« 


Henc e 

|y»«o«l < 

r \d„, 

»j 1 

6„ , and E 

1 ywo« 1 “ ^ 




m 


« - Wo « =■- Wo «i 

= OTo 


Ao - 

' 1 — w/q A() — 1 

— a 



oo 



ss; 

E b, E 

1 ^^mon 1 

^ ® A« - 1 - Wo 

where E \d„^ 

1 <* by(8.1) 

Jt 

' = 0 u 



ft — Wp 



Hence 


1B*I 

<>k 

^An- 1 - Wo , 

b:^ *• 

"=4 k €a. 



Hence 

// ^ Ao — 1 


p = 

- Ao “ 1 






^ (-£■ y».,« 

yp + 




A« - l 

— S y^rntpyp 
where ||y'„« II = ||y^,„ || || || 

OO 

If the senesi7 y*«^^ converges, %e, (RiR,f>) (y„) exists, then making 
Ao -> oo we have 


^ Vwow ^ ypttpyp [® 

* c , (Ri Rg) [S (^„)] - (Ri Rg S) (y«) when the latter exists 

Theorlm VII Let R, = IV, T^,.) defined by || d^^W. R* = 
(T,, Tx, %p) defined by || || 

[II II ’ II , II II <r, - II • II II = I! C « II II n II ] 

and I = (Ti -1 Tg -» T,t -») di fined bv || || = || „ || |1 „ || 

Let S (R, I Rg) be defined by ||y«„ || = || d„,n II II j8»,,« II II II 

// 

Let the upper bound of »-f ^ be bp, and E = B„ 

^ 1=3 0 

If y* = 0 (gT+a) diverges, ory„ =0 (1) when con- 


w««oo 

verges, then (1) 2 |y»i,«y»»| converges uniformly for all m, 
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(2) the terms of the product S can be assodated m any manner and the 
restiltants of the operations on the sequence yn are all equal to S (yi*) 

[for example (T,, T,, ^^ • TJ (• Tr’--Tr*) (T,+ r » • T^-*) 

(T,, Tv) (V+x • T„) (y.) = S (y.) ] 
Lemwa I \ym,m + f\ ^ \^m,m^-r\ ^m + r,m+r-i-k I ^+r + i,ii» + ^I 

r k 

<. S bj^ £ \ ’\fm + r + t,m + p\ [8 11] 

r-0 

Lemma II I^et the terms of Rj be assoaated in any manner 




'•»-X+ 1 


t e,, I/Ct Ri — (Tyj 

= Rx> . R;,^ 

and let Ri* be defined bi || ll> R*^ by || d**,,*» II 
Let = absolute value of d^„„ t e ~ etc 

If 115^11 =1I/V» II ll/*»..« II ll/V»ll 


T„) 


Then 
Proo/ — 


^ dm,n< S'- 
« ■» 0 

Since by 2 1 E | | < 2 for all tn 

fi 0 

« « oo 

r P^,n < 2'’i 

« « 0 


[8 12 ) 


and 

Hence 


5 dm,H< 2 '’» — 2 ''. 

#r « 0 


by 8*1 


[8.18J 


Proof of (1) Let A > 0 be any fixed integer and let diverge , and 

1^ 

let m be auv positive integer Let |y* | < "g-rra hypothesis. Consider 
now Case I when m<A, fa,m+;=A 

^ \ym,n\ym\ — ^ Iy«,iM+>| |yiM-f^| < 

• A pmtf 

p 

ptmpa * ^4 ^|d*,*»+rl I ^+4-t-r,M+#| 

K E *-=»_ 


nT+T 

°m + p 
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^ T bt 4(k) « 

‘I 

( 


K ^ b^ s \d„ „+r\ *• — 


*=<0 


i=» A «o \ 

Kl 27 + 27 1 
' A + r 

[8.14] 

SincebyS.l Z 1«.,.I<2'-K.. 2 ^ 

Hence 


K (B, + B,) 

r » oo 

S I 

f = 0 




Bi<K, £ bjt F 27\smce27|rf„.* + ,|<K, bv 

r ss Q 


K.K, 

‘Bf 


(8 ]) 
[8 16 ] 


B. = f ^A+i F \d„,„^r\ F L?»+'- + a+a*±aJ 
x = i r=o p-^t »;;,+» 

Now a= 0 n <m and m + y ■= A 
Hence £ \^m±r±J^±£\ ^ ^ A+i^MI < 

Tll+O ^ i*ia 'R*+® nMO 

^m + p ^=/+A + 4 \ P ®w + /- + 


+ A+i 


and 


j i + 6 


£ ^rLm,m±rJ 


K, 


'ui-ro 

f «= 0 ^ ^ ^ A + + A H- A 


Hence B. ,; S i,., < K.K.- S 

"«+A )-4 “a + * ®"a 


since 


Hence 


_J _ I 

Bl-I Bj B;^« 

B. 4 B. - 0 (^) 


[8 10 ] 


Case II m > A , 

proceeding exactly as above we can prove for all m 

F \Y^y^\ ^ £ |yAw,yi.l “ 0 (-i) 

w—O mB»m 

Hence when m > A 

F |y«w,y»| « F \Ymmyn\ Sincey„» « 0 n < »» 




n^m 
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aiul £ \Ym«yn\ - 0 since ot > 

H-m VB^/ \B/ 


Hence in all cases S | | — 0 


« A 


[8 17] 


Hence (1) is proved 

\\ ith regard to (2) of Theorem VII we shall prove a particular case of the 
associations, the proof being the same in all other cases 

To prove (T^T.^T,,^) (IV^T,,) (T,-* Tr‘){T,^.r* x 

X(l\ V)iV+t -'IV (y») T,, Tr^ T*-^T„ T,^) (yj 

= S (y») [8 18] 

Let (T,. T,J be defined by II. T^r) by || |1 

(Tr^ T,-i) byll^«.«||. (T/h-i-* T,i-*)by llj3V»ll 

(Tf^ by «||» + i • Tr^) by 1| ^ || 

and Itt ^ ^ \ d m^ux I 1^ #fi,« I 


ni 


and 


€m,n 1^V«I 

Now E I d^px.nx I S I d%xx.n^ ^ ^E 1 | E\ (y,) 

fit ni »3 #15 p 

^E(E\d\^J\d\n^\) EPp^^p^ \e\,,p\) |yp| 

Hi Wo 

= ^ dpt.nx ^ Ch^P \yp\ = ^ ^nji,p) I I 


vSince by (8 13), E 4 p < K and T p < K* 
^-0 ’ 


p as 00 


exactly as in the proof of (1) of this theorem, we prove S 
^n„n, enj \yp\ Converges 

Hence 

=r os r/2 ^ //3 -sa OO IV3 si OO If 3 OO p OO 

^ ^ ^ ^ ^ ^ ^’ntPyp 

~ S [ZZ Z ZZ d'm^ m Mi P'nifii ?"Mi ,«« ^^»4, M( ^*«9, fiyp “ ® (y»*) 

» f , (8 18) IS true [8 19} 

Wc will state here some of the other associations that are equivalent to 
S (y«) as they will be needed later 
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(T,, T,, ... T,, Tr^ • • Tr*) (T/+r ^ T ) {y„) = 

(T,, T,, .T,,) .(Tr ^ • Tr ^ T,, T,,) (y„) = 

(T,, -T,, Tr‘-Tr>)(T,, T,;cy„) = 

(T,. T„)(Tr’Tr^) (T,, ^ 

(T,, IV, . T,, » T,,- T=) (3.„) = S {>-„) [8 20] 

p sr- OO 

When B„ converges, then E Pn.tn p < I«t By, - K for all n [8 21] 

^ « 0 ^ OO 

^ s OO p ^ <Xi 

and since E ld«,y,|<Kx and E |e„y,| < K, 

p ^ OO 

S \ym,u+p\< k ki kt = kt Let he Upper bound of I I for «> A, 

o4 

then 2 \yn,pyp\< Hence (1) of Theorem VTI in this case is proved 

/ =-» A 

Because of (8 '21) (2) of Theorem VII m this case is obvious 

Theorem VIII Let || || == || j3V« II II /3*„^ II II II define 

n 

Let hp be the upper bound of ^H,n + p for afl ». B« = E bp as m 

p=s. 0 

Theorem VII 


Let Tpi, Tp,. Tp, be r direct T’s and ||rf»,,« || =||«'»i«,«|| 
define (Tp, Tp, Tp,) 

Let To and T»- * be defined by || a®w,» II and || |1 

Let S = (Tpt Tp, • • • Tp^ Tr ^ • T,(- >) be defined by || || • || „ (| = || c„p, || 

and let S' = (ST# -*) be defined by || c„,„ || || p>„,„ || -= || || 

If y„ ■= 0 {» « , (B« |y« I) is a null sequence), then 

(S' [To (y«)]} = (S' To) (y„) = S (y„), when the latter exists, 

Proof Let m and p be two any positive integers and r#,* i y* be 

“ s \a\,n + r\ as in (6 2) 

Let^„, be upper bound of |y, | for all ft >no 


W: To (yn) = Zn 

Then = E m+rym + r ^ ^ ^ ^ ^m,m + pyM+p 

r-0 /> + ! 


A<P. 


Zm+t ■■ ^ d‘m+p,m + rym+r + ^tf'm+t,m+p ym+p 

Zm+p •“ym + p + ^p ^H + p,m + pyft + p- 


[8*2^ 



28 


K. S. K. Iyengar 


Consider now 


P p X *- p 

27 ym,M+r ^<w+r *= 27 27 jv^f+x “H ym+p 27 0^ ym^^r ^w+r^w+p 

r n 0 

= A + B 


X« p J *■ p 

A = ^ (2^ym,m +/■ -fr,OT+x) J'm+x ®® 27 

r X =s 0 

[8-23] 


_ P 

|B1 <yj5^+p 27 1 yiw.m+r 1 • ^'jw + r.iw+p =y« + p*B* 

r —0 

[8 24] 

Now 

yw,iw+#' P^m+A,m+r 



p /t =* r 

Bf < 27 ( 27 1 fff1 + ^pM+ r) + p 

r n 0 



p r « p 

“ ^ I I 27 P^m^Atm+r r^-fr^+p 

r»A 

Just as m the course of proof of Theorem IV in (6 4) and (6 6), by (4*6) of 
Part I 

p 

wehave S i3®«,«+r ^«+r.« + p < I f 5r all w ani all p 

r * 0 

P A 

. B, < r \Cm,m^A\^^^C^,m^A ^ 27 ,w+j + w +i 

i « 0 j *= 0 

A-p >«p s=^A 

Hence i7 < 27 27 '^m^,,m^A 

Ammp k^(t S^A 

Now Hence 27 < 27 27 in-i-xl 

n«»p p-w 

=: 27 27 + 

r«0 

Now by I^emma of (8 •!) we have 2 | <i,„, + r I < K, a constant 

r-O 

Hence B, < K-Bp [8-26] 

Now|B|<>^* + ,|B,| < K + ^ <K 

( 1 ^ 

since y* - 0 (^g-J 

r»p /—p 

Hence T + =o ^ c*.,»+/y*,+, + tfK e* + p [8-26] 

X m OO 

If the second senes Z c^, m + ^ -i-/ converge*, then 

r —oo « —ee 

^ Ym,m+r r " ^ >'m4’/ 

t.p , S' [Tp (y„)] as (S' Tp) (yj as S (y«) when the latter exists 


[8.27] 

[8.28] 
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Theorem IX I^t S, S' and To be as m (8 21) and R be = (T- T- T,) 
defined by " ' 

II II Then also (S') [(T, R) (y«)] = (S'T,R) (y,) 

= (SR) (yj if the latter exists 



Proof Let R (y«) = and y«, = upper bound of )y* | for » > »o 
then|r*|= S Snpy, < £ |««#| < Ky» 

pmzM 

Hence = 0 (g-) • [8 29] 

Now (To R) (y„) = To (««) and 

S' [To {z^)] = (S'To) (z„) = S (r«) 

“ S [R (y*)] (if the latter exists) [8 *30] 

Now the senes £ \e„p\ y„ \ < y^'K = 0 ) 

^ A 

P mm OQ 

since £ \e 0 p\ < K by 8 1 

Hence by Theorem VI S R (y«) = (SR) (y*) when the latter exists [8 31] 

A particularly interesting case of Theorem IX is when Ti‘‘ — T*"* • 
bT^'* -s unit transformation , then the theorem would be 

Theorem X If S = (T^, T^, T/^) and y« a null sequence and R = 
(Tr. T,. T,,) 

then (ST„-^) [(ToR) (y*)] = (SR) (y«) [8-32] 

§ P. On Cotnbtnahons of Inverse \{T~^) Transformattons 

Most of the theorems in this section are either deductions from, or 
particular cases of theorems of previous section 

Theorem XI. Let Ri=(T,jT,,T,,) defined by l|<f,^||=||«?io,J • ||«?r*J 
Ro »= (Tjj ‘Tx, • • T/,) ' • • II^M.wll == llu^iot^ll * ll^*w.Mli 

I -(Tr‘T,-*Tr*)'--- \\P*mn\\ 

and S»(IR,) defined by ||Co.,>.ll = IIA»^II-Ik* J 

M ■■ OO 

If i? converges uniformly for all m, then 

(Ri)-[S(y*)]=(RrS)(y*) 

This is a patticulat case of Theorem V and result follows from (8 *7). 


[9.1] 
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Theorem XII Let S = (T,-" T^*) defined by H „ 1| 

» OO 

If £ Pm,fiyn converges uniformly for all m, then 

(1) (T/ T /-1 -TO (Tr > IV') {yn) - (T/+X-' • Tr >) Cv-) o<i<k 

(2) (T^ T^ _ X Tx) (Tx- ‘ T,- *) {y„) ^yn 

(3) (Tx-^T,-‘ Tr^) (y«) -(Tx-*) (V) (7r‘) (T/^x-* • T^-*) (J'.) 

= (Tx-*)(T.-*) •{T*-*)Cy«) 

Proof 

(1) IS a particular case of (8 33) [9 2] 

(2) IS a particular case of (1) when I —k. [9 3] 

(3) Let = r j8„*y„thenby (1) (T/T/-, Tj) (««) - 

(T/+X-*- T^-*)(y»)=e« 

Since £ p„^„y„ii> uniformly convergent by (3) of theorem V it is a null sequence 
By repeated apphcation of Theorem IV of Part I as in corollary to it 


ti^oo rj«oo 

= (Tx)-* • • • (TV* - (Tx)-* (T,)-* (T/)-i (T/U-* • Tr*) (j'*) [9-4] 

and in particular when I = k z„ = (Ti)-‘ (Tj)-^ • (IV*) {yn) 


r|=“Oo f2^oo p ss oo 

“ ^ ^*«,(»*+»‘x ^ ^ pyp 


— ^ Pm,M V^yp [9 6] 

A particularly interesting case of Theorem VI is the following 

Theorem XIII Let Rx — (T,, T^, T,, T/,), be defined by || || 

andR, =(Tx->.-Tr*) ll^**ll 

andS=(T^,-‘ ••TA-*T,/r,, •• T„) defined by H 


If 


^ H yn 

« A 


«(i) 


for all m 


then (RxRa) [S (y«)] (RxR*S) (y„) when the latter exists [9-6] 

Theorem XIV Let (Ti-> T,-* Tr*) be defined by ||/5<».»||then if 
^ ll^wll converges for all m, then the terms of the product (Tx~**Tr*) 
can be assoaated in any arbitrary manner, and the resultant of all the asso¬ 
ciations ony„ IS equal to (T,-' Tr^ Tr*) {yn) 

We shall take a particular association and prove it, the proof for all 
other assoaations being the same. 
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I,et (T, -» Tr' T/,- ‘) be defined by || || 

T,->) ||j3"V«ll 


To prove £ 

Now all the „ > 0, and || „ 

Since £ \ | converges 


• S rn,,eyp - S 0„pyp 

II Ilj8''«.-ll lirV«ll ==\\Pmn\\ 


^ Pmpyp — s {££ P'fi Pi $"'ptp)yp 

Pi ^ CO P2 ^ OO ^aoo 

=- £ £ p-p^p^ £ rPiP.yp 

te. (Tr^T*-^T,.-»)(T,, + x-> T/,-»)(T,,^,-^ T^-»)(y«) 

= (T,-^ lV‘)Cv«) [9 7] 

Theorem XV || p „,^ „ || defines (T, -» T*-*) It £ p „,„ \ y„ \ con¬ 
verges uniformly for all m then (1), (2), (3) of Theorem XII and the 
conclusion of XIV are all true m this case 


This is obvious 
for by Theorem VII 


An interesting case of this is when >» - 0 
s pm n\ Vi, I converges uniformly if = 0 ( 



§ 10 On the Properties of a Particular Subclass of (T) 


We notice that in the theorems proved till now, in order that a combi¬ 
nation of inverse and direct transfonnations on a sequence {y„} may be vahd, 
there must be some strict restriction on(for ^i? . Theorem IV, y„—r0 
as n —^ 00 ) In general, when a combination mvolves an inverse, the restne- 
tion on y„ is greater than when the combination is purely of direct T’s m 
which latter case the only restnction being be bounded In § 10 we deal 
with a subclass of (T) designated by To The algebra of combinations 
involving any number of T’s and (T)"* is very simple and exactly like that 
of direct (T) transformation combinations 

The matrix || am, „ || of a T is characterised by the following 
(«) «IW, = 1 {i) am, n=‘0, n < m {e) am m < 0, n > m and 


(3) — £ om, M-f ^ ^ < 1 for all m , where the first three condi- 

p-1 

tkms are the same as in (2'1) for a T and (3) is a greater restnction than 
(d) of (2*1) [10-1] 
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From (4 7) if || || defines a (f)" ^ then 2 jSw. * + , < [10 '2] 

Let us designate the matrix of any T, T or (1!) ~ ^ by |( || Then from 

(10‘1), and (10*2) and condition (d) of (2*1) we have £ | &«(,«■ 4 . ^ I <K 

P — 0 

(a constant) for all tn [10*3] 

If V stands for any T, T, or (T) the most general theorem involving 
T, T and (T)"^ will be the following 

Thborsm XVI If {*«} be sequence so is (V„ V, 'Vji) (x*), and 

(Vi V, V^) {x„) = (V, V, . W,) • (V,+ 1 • • V/).. (V/+ ,. Vt) ix») Proof is 
immediate because it means that all (T)**^ behave exactly like the direct 
transformation T [10 *4] 

In particular it is interesting to notice the form which Theorem IV and 
its complement take in the case of T and 

Thsorbm XVII {Xff} being a bounded sequence, if T (X|^ = then 

(1) x» = (T)-^ (y*), 

(2) Given {y«} the infinite set of equations T (xJ = £ a^p x, = y*. m = 0, 
1, 2, • • • n, —under the restriction x^ be bounded, has utmost one solution. 

(3) The necessary and sufficient condition that the infimte set of equations 
£ Om, pXp ^ ym has one solution (Xm) under the restriction that x^ be bounded 
is that yt, be bounded 

The proofs of (1), (2) and (3) follow very simply from Theorem XI [10*5] 

§ 11 Tu>o theorem apphcable for a spectdl sitbclass of (7). 

Let T, be defined by || and T,-» by || /yp,,»ll 

Let S be any transformation denoted by ||Sw,mII where 0, w < m, 

Thborbm XVIII * If (1 }{Xm} be a bounded sequence and (2) 0 

■*»Vnw + ^ 

as *-> eo for every m and (3) | Sp,,„ | < K' for all m, n, 
then S [To (xj] « (S To) (x^), when the latter exists. 

Proof: 

lyCt |x«| < K. Let £ la®i»," + pl “ ^ “* 1 

p-P+i 

and let T© (x«) »=y«. 
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Then 2 «V«+pa:» + ^== S + S = ^ + dK.r„,„ + ^ 

p -=0 /» = 0 ^ + 1 

p^p 

Similarly .v„^ ^ ^ K r„+> n+p [U-1] 

for k — 0, 1,2,^ and — 1 < 0^ < 1. 

p>=p ptz:p p'“,* 

Then 2i + ^ s>»>* + p* ^ n'Vi + p, n + p'"f* 

p = 0 

^ S 0p Sfi^ w+P *Vi+p,*»+p 


A + B 


[11 2 ] 


p' = p p^p' 

A«= E { E « + p ®®« + p,«+p') ^n+p' 

p' =. 0 p = 0 

|B1 K • J? I ff i-p I + p, » + /> — K (^r* +f) =K(j3i +^,). 

p=s 0 ^ 

choose k sufficiently large such that ioi P > -i-tl ^ « 

p = p p -5 p 

Bjj ^ €* S ^ffM+p*^«+p, »hp^^ ^ P*« « f p + p W -f P 

P“i p=s 0 

OO ^ ''BS ^ 

Now i"**,«+ ^ — ^ ”■ <****«, «+p^ ^ ^ ^ B«, *» + p 6 <r) 

P + 1 p’^l 

and by (4*6«) r p’^.w + p R«+ p.» + p =» 1, Hence Bj < e [113] 

Now 


p = p-i 

Bj < K' E +p,„ + p by hypothe is (3). 

p-=0 


Now each of the sequences r„^H + p> »’«+i.«+p *•*>■« +tt |.|»^p tends to 
zero by condition (d) of 2*1, choosing p suffiaently large, B^ < c 
Hence for sufficiently large p |B| < e (/>) and we have [11 *4] 

P“P P’^ P 

^ ®«, « + P * y* + p ” ^ ('^ s«,*» + p, **» + pi, «+p) ^» + p + ^* (^) 

p u 0 p^a Pi 


p + p *«+p + ^« (^) 

p-O 


[11 6 ] 


where H d* «| 


^m,H 

p A OO 




If the latter series E d„pXp converges then in the limit making p-r oo 


ptrOO 60 

^ S|»,»» + py(» + p “ ^ ^«,#»+p*«+p Ot 

P-0 

S [To (Jt>i)3 *^{S To) (*«) when the latter exists 
A3 


[ 11 . 6 ] 
t 
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Theorem XIX Let T, and T, and (TjTJ be defined by l| 1|, || {| 


II — 11 fW,i» II II b fft^n II 


Let (1) f 

p «/ + 1 

|^IW,W + p 

oo 

(2) S 

p p -j. 1 

\^mtm +pl 

be defined by || pn,,n II 



I t-f 


Then if (1) -> 0 as ^ —►0 uniformly for all m {i) jS*,« + ^ ► 0 

^pr,m+ P 

P OQ 

and (3) |:r^| < K, then 

(Tr ^*)L{TiT,)(*„)] =T,(x«) [117] 

Proof Let (TiTj) (x„) =y„ and/» a positive integer 

pttOO p oo P*^ P 

and yn ^ ^ ^ p p ^ ^ "t** ^ =* ^ 

P'k-1 


p 

P^p 


Similarly yn*t =“ ^ Ci, + *,(» + p x« + p+ K + [11 8] 

for k and — 1 < 8^ < 1 

p»p p*=# j=»p 

S Pn,»+i» yn-t'P “* ^ Pn,Hip' ^ fp, *+/**+/ +K ^ Pii,m*p f^0+p,M+p 

p-0 

» A +B 

ft t’mf 

A ^ £ {£ Pn,n ■i'p^n+p,ith) ' ^ j 

J“*0 p MB 0 

\B\<K ( 2 P„,n^pr<n + p,n + p+ i ) =• K (Bi + [U 9] 

p»*0 p — I 

Choosing k large enough such that ^ ^ < c for all n and p > k 

^ n,n + p 

p^P-k 

®l < ^ ^ fin,n + p p,n+ p 

p-0 

< e a Pu,n + p ^«+p,« + ^^ ^ just as in (12 3). fll 10] 

P“0 

P»P pmip 

and B*s= S ^M,«+p^«f-fp, m + p<Ki H ^^w + p 
since by condition (rf) of (2-1) for Ti and T„ f^f$,p < Ka for all n and p. 
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Choosing p sufficiently large, by condition (2) of Theorem XIX, we have 

<2* Pn,n+ p < <» * * > B* < d (/») 

Hence | B | < c' (p) [11 11] 

pi-p p=»/» 

and £ ^,,« + py„ + p — ^ n + p ^n + p + 06' ip) 

P BS oo p m CO 

and in the limit 2" +p j'* + p =* ^ *i».» + p^,+ p or 


(Tr>) [(T,T,)(*n)] 


[11 12J 


§ 72 On an Integral Equation 

Corresponding to a T for a sequence, we define the following transforma¬ 
tion for the continuous vanable 

Let (1) K (x, /) > 0 for all X > 0, / > 0 , (2) K (x, 7) = 0, 7 < x , 

(3) K (x, 7) being continuous in (x, 7), for all x > 0, 7 > 0 

(4) 7^K (x, 7) <77 < 1 for all X [12 1] 

0 

Let M (7) be a given continuous function defined for 7> 0, then the trans- 

OO 

formation T will be T («) = « (7) — / K (7, r) u (r) dr —v (7) [12 2] 

0 

We discuss here only the existence of the mverse of this transform and 
show that under certain conditions « (7) {t> (7)} Themampomtof 

interest m the solution of the mtegral equation in u of (12 *2) is that the range 
is infinite. We shall show that the solution can be given m terms of Volterra’s 
reciprocal of K (x, 7) just as in the ordinary case of fimte range when v (7) 
satisfies a certain condition 

Tbborbm XX (1) If u (x) 0 as X ee and 



T («) =s«— y K (x, t) u {t) dt (x), 

D 

then 

« [(»(X)] « w (x) -H /k (x, 7) v{l)dt 

0 

where* 

CK (X. 7)3 - K (x. 7) -H Ki (x, 7) + . K« (x. 7) -b •• 

where 

[R« (X, 7)3 - / . X (». «) K («, 7) dt. 

A 

(2) Given v (x), the equation T (m) will have utmost one solution 

tmder the restriction m (x) 0 as x ee 
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(3) Given v {x) the necessary and sufficient condition that the equation 
T («) = V has one solution under the restriction u(*)->0as*-> oois that 

OO 

f K (*, t) V (t) dt converges uniformly for all x > 0 
0 

Lemmas. 

(1) Km (x, /) = 0 t < X (proof by mathematical induction and (2) of 

(12-1) [12-31 

(2) Km (*, <) > 0 for X and t, obvious from definition [12 -4] 

( 

(3) By definition Km {x, t) = f K„ _i (x, u) K («, t) du To prove 


K« {x, /) =/ K„_, {«. 0 K (*. «) du. 


[12 6 ] 


suppose this IS true for 1, 2, • • n — 1, then we will prove it is true for n 
and hence for all » > 1 since it is true for n > 1. 

t 

By definition K« {x, <) = / K (m, /) Km- i (*, «) du 

0 

/ 

and by hypothesis Km- x {xu) =* / Km-* («, <) K {*«) du. 

0 

/ u 

Hence K« (*, /) == / K («, du f K (xv) K*-* {v, u) dv 

9 0 

/ / 

= f K {x,v) dv / K («, <) Km - * (vu) du 

» V 

t t 

«=. / K (*, w) rfu / K («. /) Km-, (V. u) du 
0 0 

since Km (»,«) = 0 « < w 

t 

« / K (*, w) Km- 1 (t>0 dt [12 -fij 

0 

for « a 1. (12 -6) is obvious since Km (x, t) u K (x, t). Hence (12 -6) is true 
for n > 1. 


(4) T Km (n, <) converges. This follows from continuity of K {x, H) 


in 


*> 0,/>0 [ 12 . 6 ] 

(5) E {x, <) is continuous; this follows from uniform convergence of £ Em 
and continuity of Km [12 >7] 
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(6) (1) K (*, t)>0 for (2) K (*, f) = 0 / < * (1) is obvious, (2) 

follows from (12 *3) ’ 

(7) The reciprocal function K (*, t) satisfies two integral equations. 

t t 

K (x, t) ~K {x, t)= /k (x, «) K (m, t)df — f K («, t) K (x, «) du 
0 0 

This follows immediately from definition of K„ and (12 *5), and term by term 
integration of £ K„ [x) [12*8] 

A 

(8) I^et R (a;, A) = 1 — K {x, t) dt To prove 

0 

A 

/ K {x, «) R («, A) dM - 1 - R {x. A) (12 9] 

0 

A I A ) A 

Proof f |l — f YL[u, i) dll du — f K (x, u) du 

U 0 0 

— f K(v,u) { y K («, h) =» a — /3 

0 0 

A A 

^ — f K {x, u)du f K («, <) dt, since K («, f) ^ 0 t < u 

0 M 

A / A 

= f dt f K{x, u) K (m, t)du = f (K {x, <) — K (x, t)} dt by (12 8) 

0 0 o 

A 

Hence a — j3 — / K (r, /) == 1 — R (*, A) 

[12.9] 


= / K (*, «) R («. A) 

0 

(12 *9) corresponds to formula (4 7) in Part I 
Proof (1) of Theorem XX — 

/ K (*0 V (0 dt~fK {x, t) u(t)dt -/k (x. t)dtf& (t. z) u (z) dz by (12 *2) 
0 0 0 0 

= [12.10J 

Let M (zo) be the upper bound of \u («) I for r > *« 

then / K (tz) u {z) dz >= f + / =/ + 6 •r (t, A) •« (A®), 

0 0 A 0 

where r (t,A) — y K (to) dz and — 1 < 8 < 1. 


[12 ail 
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Hence B, = / K {*, t) dt f K {tz) dz ->ru (A) • / ^ K (*. /) -r (t. A) df 


= Cl + Ct 


[ 12 - 12 ) 


OO « " 

Now r (/, A) = / K (/, z) rfz - / K (te) <fe < 1 - / = R (<• A) 

0 0 0 

A 

Hence | c* [ < « (A) •/ K (*, 0 R (/, A) <0 = « (A) {1 — R (*, A)} by (12 *9) 

0 

A Z 

and c, = / K (x, t) dt f TL (tz) •« (z) dz since K (te) =0, z <i 
0 / 

A Z 

= f u (z) dz- f K (x, t) K (/, z) dt 
0 0 

A 

= / (K (x, z) —K (x, z)-u (z) dz [12-13] 

0 

A 

Hence - B, = / K (x, z) u (z) + 0'u (A) {1 - R (*, A)} [12 -14] 


« /k (X. z) a (z) R (*, A) « (A) +3' (1 -R (*, A)) « (A) 

0 

= /*K (*. z) u (z) dz + 3'" u (A) [12 -16] 

0 

A QQ 

Hence f K (xt) v (#) dt ss f 'K (x,z) u (z) dz + 3'" iii (A) 

p p 

=<«(*) -- V (*) + 3'" « (A) [12 -16] 

Since 5 (A) -♦ 0, A oo by hypothesis, we have 

w (*) « i; (*) + /k (x, <) V (0 = T-» {v (*)} [12 -17] 

0 

Proofs of (2) and (3) of Theorem XX follow almost exactly by the same 
way as the corresponding portion of the Theorem IV of Part 1 and comple¬ 
ment of Theorem IV of Part I 
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7 Introduction 

Tiie micas constitute a highly interesting class of minerals on account of 
their characteristic crystalline structure and optical properties Most 
varieties contain iron to a greater or less extent, m the combined state as well 
as in the form of inclusions, and as a result they are generally paramagnetic ’ 
Biotite is distinguished by the presence m it of comparatively large amotmts 
of iron, and its characteristic optical property is a strong pleochroism in the 
visible region of light l 4 ght vibrations parallel to the cleavage plane are 
strongly absorbed, whereas vibrations normal to the plane are more or less 
freely transmitted It is also well known that pleochroism is most marked 
in varieties nch in iron The present investigation was undertaken in the 
hope that a study of the paramagnetic anisotropy, susceptibihty and 
pleochroism of biotites of known composition might lead to interestmg 
results regarding the nature and origin of these properties, while serving to 
throw light on the probable connection between pleochroism and magnetic 
anisotropy in paramagnetic sohds 


The magnetic anisotropy of a large number of vaneties of mica has been 
studied by E Wilson * He examined both spotted as well as clear vanetie;> 
and m all cases found that the paramagnetic susceptibility parallel to the 
cleavage plane was much greater than that perpendicular to it The ratio 
X / 

jj-*^was very much greater in the spotted vaneties It was not clearly stated 


to which group the specimens belonged Presumably only muscovite was 
examined It was tentatively suggested that the anisotropy might be due 
to either an orderly arrangement of the inclusions of magnetite present, or 
an actual difierence in the behaviour of the mica itself m different directions 
relative to the crystallographic axes No attempt was made, however, to 
deade between the two hypotheses The position has now altered considerably 
Clear incluaiou>free specimens of mica conta ining iron which forms an 
integral part of the lattice (as m pholgopite and biotite) may well show a 
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genuine crystalline magnetic anisotropy In the hght of the X-ray crystallo¬ 
graphic data now available’’ and recent developments in the theory of the 
magnetic anisotropy of paramagnetic sohds due to Van Vledc and Penney 
and Schlapp/ a satisfactory interpretation of the magnetic data is now 
possible In the present investigation the author has determined 
the susceptibility and magnetic anisotropy of three vaneties of biotite and 
one each of mu''Covitc and phlog< pite The ferrous and fernc iron contents of 
the specimens were determined by chemical analysis and the pleochroism of 
the specimens also estimated quantitatively 

2 Crystal Structure and Chemical Consiituiion of the Micas 

According to the recent theory developed by Van Vleck and Penney 
and Schlapp, the asymmetry of the strong ciystallme dectnc fields acting 
on the paramagnetic ion is pnmanly responsible for magnetic anisotropy 
in paramagnetic solids These electric fields are due to the environment 
of anions or dipole molecules which are groujied around the cation The 
symmetry and nature of the grouping determines the character of the crystd 
fields and hence the magnetic anisotropy, m the case of any particular 
paramagnetic ion A knowledge of the exact disposition of the atoms m 
the crystal lattice is thus necessary for the mterpretation of the magnetic 
data in the light of theory 

The general scheme of the atomic structure of the micas was first eluci¬ 
dated by Pauling* and the full investigation in the case of muscovite has been 
made by Jackson and West • It has been shown that all the micas are 
built more or less according to the same plan The pecuhar flaky structure 
and easy cleavage have been explained as being due to the formation of sheets 
of linked silicon-oxygen tetrahedra A sheet is formed by hnking the oxygen 
atoms at the corners of the tetrahedra so that they are all in the same plane 
and the result is a hexagonal network Two such sheets placed with the 
vertices of the tetrahedra pointing inwards form a double sheet, the oxygen 
atoms at the vertices being cross-hnked by alunumum atoms m muscovite, 
and magnesium and iron atoms in phlogopite and biotite Hydroxyl groups 
are incorporated, linked to Al, Mg or Fe alone We have thus a firmly 
bound double-sheet and the mica structure is a succession of such double¬ 
sheets mterspaced alternately by sheets of potassium atoms The iron 
atoms occupy positions of six co-ordination and are surrounded by an octa¬ 
hedral grouping of oxygen atoms and hydroxyl groups X-ray evidence 
has shown that such a grouping is present in the hydrated sulphates and 
double-sulphates of iron, cobalt, mckd, etc, the water molecules m these 
salts constituting the octahedral environment The crystalhne electnc 
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fields due to such an arrangement are presumably of a highly asymmetric 
character as hps been pointed out bv Knslinan recently. 

The chemical composition of the imcas is vanable within wide hmits 
Since the magnetic properties are determined by the iron content, as will be 
seen later, it is essential to know accurately the amount of iron present In 
fact many properties of mica show a direct dependence on chemical composi¬ 
tion Kunitz’ has made a detailed study, combining optic 1 and density 
determinations with chemical analysis He established three senes of iso- 
morphous replacements and showed that the change in optical properties 
within one senes depended mainly on the iron content Similar classifications 
have been made by Halhmond, Winchell and Jakobs, and recently Niggli* 
■while discussing a recent jiap r by J H l/n.r on the crystal strnclure of 
biotite, has summarised the evidence from reliable chemical analysis and has 
pointed out the variability of the three types, t e , the muscovite type, the 
lithia mica type and the phlogopite-biotite type A con ideratioii of the 
physical properties iii relation to chemical constitution shows that we cannot 
speak of a continuous transition from one group to another This is probably 
due to the fact that the properties depend on the structure also besides 
chemical composition, and differences among the three types exist although 
the general plan of their architecture is similar G Nagelschmidt* has 
recently found from an examination of the X-la^ jKiwder diagrams of eight 
different micas of known composition, density and optical properties, that they 
belong to at least two distinct types, the muscovite type and the phlogopite- 
biotite type The lithia mica type could not, however, be distinguished 
The principles governing Lsomorphous substitution in the micas were 
estabhshed by the work of Mauguin” who measured the dimensions of the 
umt cell in varieties of known density and composition Ideal formulse 
have been assigned based on such measurements, as followrs 
Muscovite K Al, (AlSi,0,o) (OH), 

Phlogopite K Mg, (AlSi,0,o) (OH), 

Biotite K (Mg, Ke), (AlSi.O,,) (OH), 

3 Deiermmatton of Magnetic Anisotropy 

The magnetic anisotropy has been measured by the torsional method 
developed by Knshnan" If an anisotropic crystal is suspended with one 
of Its axes vertical by means of a fine quartz fibre m a uniform magnetic field, 
the forces acting upon it will be (1) a couple due to anisotropy of shape which 
will tend to rotate the crystal such that its length is along the field and 
(2) couple due to the magnetic anisotropy which will tend to rotate the crystal 
such that the direction of algebraically maximum susceptibihty m the 
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horizontal plane is parallel to the field Let ns assume that (1) is negligible 
compared with (2) Let and Xni. be the maximum and minimum sus- 
ceptibihties in the plane If initially the torsion head of the fibre is adjusted 
that IS parallel to the field direction no couple acts on the crystal when 
the field is put on If now the torsion head is turned round, the oystal also 
turns round but to a smaller extent on account of the couple due to magnetic 
anisotropy which begins to act on it when it leaves the zero position At a 
cntical position when and are making 46® with the field direction, this 
couple IS a maximum and with the smallest further rotation of the torsion 
head the crystal will quickly turn round If o, is the angle through which 
the torsion head has been turned round, the speafic anisotropy in the 
plane is given by the relation 

= 2 " 4) ^ JJi 

where c is the torsional constant of the fibre, H the field strength and m the 
mass of the crystal The micas crystallise on the monoclinic system and 
there are three pnnapal susceptibilities of which two lie in the sjrmmetry 
plane and the third along the symmetry axis We have to determine the 
quantities (Xj - X,), (Xj — X,) and the relative onentation of the axes of the 
magnetic ellipsoid with respect to the crystallographic axes X^ and X, 
are the principal susceptibilities in the 6 (010) plane, xt being nearer the a-axis 
and X, IS the pnncipal susceptibihty in the direction of the 6-axis The 
mica speamen was suspended in the uniform magnetic field as follows — 
(1) with the cleavage plane horizontal, (2) with the fi-axis vertical and (3) with 
the &*axib horizontal and the cleavage plane vertical We thus directly 
determine the quantities (X, - X„), (Xj -X^) and (X, -X„) where X„ is, the 
susceptibility along the a-axis and X}, is that perpendicular to the deavage 
plane h'rom (2) we can directly get the angle which the xt makes with 
the a-axis This angle can also be calculated from the known values of 
X, — X^ and X, — X„, for, 

X, - Xn = X, - (X, sm*0 + Xj cos* ff) 

X, ~ X„ ^ X, - (X, cos^e + X, sm* ff) 

Solving the simultaneous equation we get both 0 and X, — X, In the case 
of the micas matters are very much simplified, since the X, direction was 
found lo coincide with the direction of the a-axis 

4 Expertmental Precautions and Sampling of Specimens for 
the Antsotropy Measurements 

A careful sdection of specimens for the magnetic determinations is 
absolutely essential, since mdusions and stains in mica are the rule rather 
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than the exception Another senous difficulty in the case of rock minerals 
IS that not only is the composition variable for varieties obtained from dif¬ 
ferent localities but it might differ over different parts of the same specimen 
The minerals are seldom perfectly homogeneous For instance, inclusions 
may be very prominent in some regions of the same 'book' of mica, whereas 
other parts are clear and transparent Often these inclusions consist of 
magnetite in dendnte-like forms The presence of even small quantities 
of magnebte may be sufficient to cause considerable anomalies in the results 
Other inclusions are, generally, flattened cr>''stals of garnet, tourmaline and 
quartz in thm plates found between the sheets 

The micas were obtained in the form of small plates and of these the 
best were selected These were further examined under a high power 
microscope and the pqrtions containing included particles rejected Satis¬ 
factory samples practically free from inclusions could be obtained Inclu¬ 
sions in biotite are often associated with pleochroic haloes and afforded 
another test for their absence or presence Phlogopite often shows asterism 
and this has been attributed to symmetrically arranged inclusions of rutile 
or tourmaline Plates showing asterism were therefore rejected In all 
cases, however, minute traces of inclusions mostly of submicroscopic 
dimensions were probably present 

The optical characteristics of the specimens were also examined under 
the polansmg microscope With convergent polarised light the muscovite 
specimens gave the usual biaxial interference figure, whereas the phlogopite 
and the biotite samples were sensibly umaxial No evidence of twmmng 
was found in the plates taken up for examination The optical axial plane 
IS perpendicular to the b (010) plane m muscovite and parallel to the b (010) 
in phlogopite and biotite 

Only freshly cleaved plates were employed These were further 
cleaned with dilute sulphunc acid, distilled water and alcohol 

In the case of mica, which was available in the form of thin plates only, 
we cannot neglect the effect due to the anisotropy of shape of the speamen 
For the paramagnetic susceptibihty is fairly high, especially in the case of 
the biotites, and m some cases the magnetic anisotropy also is comparatively 
small The possible errors on this account were ehmmated by adopting the 
devise ol Knshnan of immersing the crystal m a liquid bath of the same 
mean susceptibility, for phlogopite and muscovite An aqueous solution 
of manganese chloride was employed For determining the anisotropy 
in the cleavage plane, which was found to be very feeble, discs of the material 
6*6 mm in diameter were prepared In this case no correction for aniso¬ 
tropy of shape is necessary. 
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For the biotites the paramagnetic susceptibility was too high for a 
hquid-bath to be employed convemently Small plates 1 cm by 4 mm 
were cut out, cleaned with dilute acid and distilled water and placed one above 
the other to form a block 10 x 4 x 4 mm using traces of diamagnetic 
shellac for attaching them Particular care was taken to see that the 
crystallographic directions of tlie plates coincided when cutting them out 
The long edges were carefully rounded off so that a cylinder. 10 mm height 
and 4 mm diameter, was obtained A silk thread was further wound round 
the cylinder so that the pieces might not fall off It was finally cleaned with 
dilute sulphuric acid and distilled water For determining the magnetic 
anisotropy in the cleavage plane discs 6 5 mm in diameter were used 
Only the value of —Xi*- is given for biotite and p ilogopite since the 
anisotropy m the cleavage plane was negligibly small 

The current through the eleertromagnet was adjusted by the use of a 
system of rheostats, and every time before the held was applied the iron was 
brought to a cyclic state by reversing the current several times Uniformity 
of field over a large area was ensured by using flat pole-pieces of area 60 sq 
cm nearly 

The field strength was measured by means of a calibrated Grassot flux- 
meter and a standard search coil made by the author consisting of 30 toms 
of No 40 s w g double silk-covered copper wire wound round an accurately 
turned cylinder of non-magnetic marble, the diameter of the coil being 
2 359 cm Fields of the order of 1000-2000 oeisteds were employed 

For mounting the crystal a thin glass fibre 1'5 cm long and shaped 
like a pm was attached to the end of the quartz fibre with the pm-head down 
The mica pieces were fixed to the pin-head by traces of pure shellac 

The torsional constant of the fibre was determined by suspending at 
its end a glass cylinder 0 327 cm diameter and mass 0 *0998 g with its 
axis vertical and observing the period of oscillation, by the usual methods 
The mean of several independent determinations is given m Table I 
5 Measurement of Absolute Suscepttbthites 

The mean susceptibility of the micas in the form of powder was deter¬ 
mined by the CutieBa^ance method A torsion balance of the Cune-Wilson 
type was constructed by the author with a glass beam and glass extensions 
for supporting the phial holding the substance, all made of pyrex. A 
schematic diagram of the balance is shown m Fig 1 The inhomogeneous 
magnetic field was obtained by keeping the pole pieces (specially designed by 
the author to go with an electromagnet made by Charles W Cook & 
Son, Ashby de la Zouch) at an angle to each other. As is well known the 
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Fic 1 

siis>ceptibility is given by the formula 



where x, nt represent the susceptibihty and mass of the specimen, x , of 
the air and x"> w' of the standard substance resjicctively, the masses 
referring to equal volumes of the subs'antes 

Fjfi the force acting on the container alone measured by the torque on the 

torsion wire, 

Fjr* the force acting on the phial + substance, and 
I'jf* the force acting on the phial -f- standard substance 

All tile usual precautions were taken, the most important being that the 
container is always brought back to the same position relati\e to the field 
when taking the measurements, and that th field is kept constant The 
standard substances used was a solution of manganese chlonde (33 8%) the 
susceptibility of which was accurately determined by the Qmncke U-tubc 
method. 

6 Detenmnatton of Ferrous and Fernc Iron tn the Specimens 

The percentage of total iron and ferrous iron m the micas were determined 
by the following methods 

Total Iron —The sample was ground to a fine powder in an agate mortar, 
and about 0*6 g of the powder weighed in a platmum cruable and then 
fused with fusion mixture (two parts of NagCO* and one part of KgCO,) 
The fused mass after cooling was dissolved in dilute HCl in a sihca dish, 
avaporated to dryness over a water-bath, redissolved m dilute HCl and the 
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silica filtered off, washed on the filter and weighed after ignition The 
filtrate was heated up to boiling point and a httle concentrated nitnc add 
added followed by 20 g of ammonium chlonde Ammonia was then 
slowly added to the boiling solution until all the alumimum and iron were 
preapitated as hydroxide and the solution became shghtly alkahne. The 
precipitate was then filtered off, washed on the filter with a warm solution 
of ammonium nitrate and ignited in a platinum crumble and weighed The 
Ignited mass was then fused with sodium bisulphate and after cooling 
dissolved in dilute sulphuric acid The solution was then run throu^ a 
Jones’ reductor (an improved form of which has been devised by the author 
and repo, ted elsewhere) in an atmosphere of carbon dioxide and finally 
titrated against standard permanganate 

Ferrous Iron —The accurate determination of ferrous iron in sihcate 
rocks IS a matter of considerable difficulty The modified Pratt method 
recommended by Hillebrand was adopted A wmghed quantity of mica 
was carefully ground m an agate mortar under pure alcohol for about an hour. 
A thorough gnnding is necessary since coarse particles take a very long time 
to get dissolved in HP The ground mass was carefully washed down into 
a platinum crucible with air-free water and 10 c c of cold dilute sulphuric 
acid added The crucible was supported over a water bath and surrounded 
by an atmosphere of CO| by the arrangement shown m Fig 2 6 c c of 
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^-Bell-jar, B—Beaker, C,—Platinum crucible, IF-Water-bath 

40% hydrofluoric aad (Kahlbaum’s analytical reagent) were quickly intro¬ 
duced into the crucible which was then covered with the hd and the 
water-bath heated, carbon dioxide being passed all the time. The 
reaction was allowed to go on for 3 hours Meanwhile a solntimi containing 
60 g of bone add and 20 c c of sulphuric add m 300 c.c. <A air-free water 
was prepared and the crucible and contents, after the reaction was over. 
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were quickly transferred into the cold bone aad solution and titrated 
immediately against standard permanganate, until a pink colour lasting for 
a minute or two was obtamed 

A blank expenment was performed under similar conditions with ferrous 
ammomum sulphate About 0 6 g was weighed and dissolved in 300 c c of 
dilute sulphunc acid and immediately titrated against permanganate Another 
0 5 g was weighed in a platinum crumble and the ferrous iron determined 
by the modified Pratt method as desenbed above, using 6 c c of HF The 
necessary correction was found to be + 0 28 c c of permanganate 
7 Measurement of the Pleochroism of the Micas 
A comparative measure of the pleochroism of the micas was obtained 
by the following experimental arrangement based on the principle of Cornu’s 
method for determining the percentage of polarised hght (Fig 3) 



Fic 3 

—Source of hght, T S —Translucent Screen , Sp —Specimen, 

SI —Rectangular slit , Dl P —Double-Image prism , 

N — Nicol mounted on circular scale , T —Telemieroscopc 

The specimens were used in the form of thin plates, freshly cleaved, 
and of the same thickness 0 05 mm , selected from a very large number of 
cleaved plates The mica plates were mounted behind the sht at an angle 
of 46° with the &-axes horizontal The double image prism was placed with 
the vibration directions vertical and horizontal, and the distance from the 
sht was adjusted until the two images, as seen through the telemicroscope, 
just touched one another The horizontal inbrations are absorbed much 
more than the vertical and the images are of unequal mtensity By smtably 
rotating the nicol the intensities can be equalised If 2$ is the angle between 
two positions of the mcol on either side of the vertical for which the inten¬ 
sities are equalised, then ^ »tan*d A correction has to be introduced 

Ih 

in the value of 6 to eliminate errors due to reflection, etc, at the faces of the 
plates For this a blank eiqieriment was performed with a glass microscope 
covenslip of nearly the same refractive index as the mica plates and the 
necessary correction applied to the value of 0 The results are approximate 
only but afford a good comparative measure of the pleochroism of the micas 

The corrected values of tan*0 are given m Table III 

8 Results 

IShe results are presented in the tables shown below 
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Table I Specific Magnetic AmsotroPy of PMogoptte and BtoMe 
C G S EM Units Temperature 25 °C 


Spocimen 

AniHotropy 

xio* 

Bemarka 

Phlogopite 

1 38 

The mai^ietic aiUBotropy m the 
cleavage plane was negligibly small 

Biotitc (Canada) 

6 26 

in all cases and, therefore, only the 
values of Xu/ — Xj_r are given 

„ (Ural Mts ) 

10 3 


„ (Bihar) 

12 4 



specific Magnetic Anisotropy of Muscovite 


Mode of 
Suspension 

Orientation 

Anisotropy 

AXxlO* 

Eemarks 

Cleavage plane hori- 
sontal 

ft-Axis perpondi- 
cular to the field 

Xj — X, = 0 U 


b-Axis vertical 

Cleavage plane 
parallel to the 
field 

X,—Xj =:r 0 70 

ThoX, 
direclaon 
coincides 
with the 
a-axis 

b-Axm honzontal and 
cleavage plane 
vertical 

Do. 

X, — X^ =0 61 



Table II Mean Susceptibility of the Micas at 25° C. 


Specimen 

X xio« 

Muscovite 

* • 

8 01 

Phlogopite 

• • 

7 86 

Biotite (Canada) .. 

• • 

30 8 

„ (Ural Mts) 

« 

4»-6 

„ (Bihar) 

• • 

438 
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Tabi4C III 


Pleochrotsm of the Mtcas 


Spoeunena of thickness 

0 05 mm 

Tan* 

Muscovite 

1 03 

Phlogopite 

1 09 

Biotite (Canada) 

1 58 

„ (Ural Mts ) 

1 89 

„ (Bihar) 

1 97 


Table IV 

CGS hM Unih 7 emperature 2^“ C 


Specimen, Hescnption 
(Colour of tlie Hiotites 
refers to very thin plates) 

gx 

s 

V 

% 
u £X 

= S H 

•s 

X 

•** 

St 

X 

«P 

O 

X 

K 

-i 

X 

e 

o 

I 

•5 

H 

0 

0 

1 

« 

I 

u 


Magnetic 4 m&otrop\ 
referred to a g 
ion of Fe++ X10* 

1 

Muscovite 

Clear. Tinge of green 

8 01 

0 65 

8 23 

7 68 

3 93 

1 79 

2 14 


Phlogopite 

Brownish 

yollow 

Snbmotalho 

lustre 

7 86 

1 38 

8 31 

6 93 

4 34 

3 18 

1 

1 06 

2420 

Biotite (Canada) 
Dark greenish 
brown 

30 8 

0 26 

32 9 

26 6 

16 2 

13 1 

2 12 


Biotite (Ural Mts) 
Dark brown 

40 6 

10 3 

44 0 

33 7 

21 8 

19 6 

2 22 

2930 

Biotite (Bihar) 

Dark reddish 
brown 

43>8 

12 4 

47»8 

36 4 

23 1 

22 2 

0 9 

3120 


M * 
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P. DiscHsston of Results. 

Both the susceptibihty and the magnetic anisotropy are seen to depend 
upon the amount of iron present The biotites exhibit a fairly large 
magnetic anisotropy and the paramagnetic susceptibihty is also correspond¬ 
ingly high The values for muscovite and phlogopite are comparatively 
small In the case of the biotites the mean susceptibihty is seen to increase 
with the percentage of iron almost linearly (Fig 4) 



The total susceptibihty of mica may be considered to consist of three 
parts, namely (1) that due to the ferrous iron, (2) that due to the feme iron 
and (3) the contnbution due to the other atoms The first two are evidently 
paramagnetic terms while the last is diamagnetic When the percentage 
of iron IS large, as obtains in the case of the biotites, the diamagnetic term 
will be neghgibly small as compared with the paramagnetic terms But 
It will be considerable in muscovite and phlogopite which contain only about 
4% of iron 

It will be of interest to calculate in a rough way the aj^roximate 
Bohr magneton values for the biotites The susceptibihty of the 
biotites IS amenable to theoretical consideratiotis for the foQowing 
reasons (1) The percentage of iron is very higfh and we may 
neglect the diamagnetic term in the susceptibihty: (2) Moat the 
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iron IS present in the ferious state , (3) The disturbing effects due to 
possible minute traces of inclusions can be safely ignored (Iii fact, the 
biotite samples were particularly free from defects) Considcnng only the 
total iron present, the effective Bohr magneton value is obtained according 
to the formula Pj, =2 84 v'XiiT 

eff 

Biotite (Canada) — 0 2 
„ (Ural Mis ) = 5 0 

,, (Bihar) — 5 0 

The values are seen to be much lower than the theoretical values to be 
expected m the case of the free paramagnetic ion just as in the case of other 
solid salts of iron They are found to apjiroach the spin only value of Ke * ', 
which IS equal to 4 92 Bohr magnetons The significance of this fact in the 
hght of Van Vleck^s theory of the quenching of tin orbital moments by the 
crystalline electric fields in jiaramagnetic solids will be discussed later 

It IS important to consider the effect of microscopu and submicroscopic 
inclusions on the magnetic amsotropy, especially in the case of muscovite 
which, according to the ideal formula KAlj (AlSi^(),o) (OH)** cannot take 
m ferrous iron in the positions of six (o-ordination replacing the aluminium 
atoms We have to sec if the magnetic anisotropy of muscovite is merely 
due to symmetrically arranged inclusions or if it tan be of crystalline origin 
as in biotite, at least in part If according to the ideal formula, the ferrous 
iron cannot form an integral part of the lattice, then apparently we are led to 
conclude that only the inclusions, microscopic or submicroscopic, are res¬ 
ponsible for the anisotropy But chemical analysis shows that very often 
the amount of ferrous iron present is much larger than can be accounted for 
by any of the common inclusions Por instance, in the muscovite sample 
examined by the author which contained inclusions of magnetite, the per¬ 
centage of PeO IS much larger than should be expected The ferroas iron, 
therefore, is most probably present in the mica lattice itself in the positions 
of six co-ordination The iron atoms should be present in groups to satisfy 
the rules of co-ordination and as such they really constitute a discontinuity 
m the lattice We mav regard them as being of the nature of inclmions 
of extremely small dimensions This view gams support from the fact that 
biotite inclusions in muscovite are often met with and from what we know of 
the crystal structure of the micas a biotite inclusion can really be regarded 
as a discontinuity of the above character occurnng over an extended region, 
magnesium also b^ng present along with the iron in the positions of six co¬ 
ordination Thus the amsotropy measurements throw an interesting side¬ 
light^ and seem to provide evidence for the presence of discontinuities in the 
A4ft ^ 
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lattice which cannot be detected by the microscope The effect o£ mclusions 
on the magnetic anibotropy of the biotites will be comparatively negligible 
since, on one hand they are much less prominent and on the other the iron 
form ng part of the lattice is present in very large amounts 

The close correspondence between the magnetic properties of the micas 
and their structure ls very stnking In muscovite, as is to be expected from 
its pseudo-hexagonal structure, two of the pnncipal sosceptibihties lie in 
the cleavage plane and are nearly equal, while the susceptibility perpendi¬ 
cular to the plane is much less than cither of the other two In biotite and 
phlogopite two of the pnncipal susceptibilities not only lie in the cleavage 
plane but arc also of the same value It must be emphasised, however, 
that the determination of the magnetic anisotropy in the cleavage plane was 
complicated by two factors namely, (I) strains and distortions set up when 
cutting out the speamens in the shape of discs and (2) the presence of micro¬ 
scopic inclusions The spunous effects due to the first cause could be 
eliminated by exercising proper care in the preparation of the discs The 
effect due to the second cause was studied by determining the magnetic 
anisotropy in the cleavage plane of a large number of spotted and stained 
samples of muscovite The heavily spotted vaneties always showed 
enormous anisotropy in the cleavage plane while those with perceptible 
traces of inclusions (magnetite) were anisotropic to the extent to which they 
contained the inclusions and this was considerable 

From the results it could be inferred that the contribution due to the 
minute traces of inclusion should be much less than the observed amsotropy 
in the cleavage plane, and that at least part of the observed anisotropy in 
the cleavage plane is genuine The defimte orientation of the b axis in the 
magnetic field in all cases also leads to the same conclusion In this connec¬ 
tion the isotropy of phlogopite and the biotites in the cleavage plane 
IS mteresting It proves that the disturbing effects due to any mclusions 
present are negligible Samples of phlogopite which exhibited marked 
astensm showed considerable anisotropy in the cleavage plane There is a 
close similanty between the optical and magnetic properties also, when we 
remember that the muscovite showed a biaxial interference figure whereas 
the phlogopite and the biotites were sensibly umaxial 

Magnetic Amsotropy and Chemical Constitution —^The specific magnetic 
amsotropy is plotted as a function of the total iron, ferrous iron and ferric 
iron respective'y in Fig 5 Since phlogi^ite and biotite belong to the 
same group we can study the characteristics of this group from the results 
obtained In the first place there seems to be no obvious connection between 
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the ferric iron content and the anisotrop> On the other hand, the magnetic 
anibotropy increases smoothly with the percentage of ferrous iron But the 
relationship is not linear and for large percentages of fron the curve becomes 
steeper In Table IV the gram lomc amsotropy for Fe+' is given This 
shows a remarkable increase with the percentage of ferrous iron in the 
biotites (Fig C) It IS likely that this increase is due to interaction between 



neighbounng iron atoms in the sheet The nature of this interaction will 
be discussed later 

The results obtained are significant m the light of recent theoretical 
devdopments due to Van Vleck and Penney and Schlapp 

Van Vleck’s Theory of the Paramagnetism of Solids —The object of the 
thepry is to account for the following features in the magnetic behaviour of 
paramagnetic solids, such as (1) the di^arture from the Cune law and the 
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appearance of cryomagnetic anomalies at low temperatures, (2) the relative 
contnbutions of the spin and orbital moments to the susceptibility and 
(3) the magnetic anisotropy of the crystals It is based on the earlier work 
of Bethe and Kramers on the Stark splitting of the energy levels of atoms 
and ions under the influence of crystalline electnc fields Detailed computa¬ 
tions have been made by Penney and vSchlapp, who have considered Pr and 
Nd among the rare earths and Co, Cr and Ni in the iron group Jordahl 
has made calculations in the case of the cupric salts The main results for 
the salts of the iron group arc as follows vSmce the magnetically effective 
3d electrons are in the outermost shell, the influence of the crystalline electric 
fields due to the neighbouring atoms will be strong enough to break the 
coupling between the orbital and spin moments The orbital degeneracy 
IS partially or completely removed and the orbital moment makes practically 
tio contnbution to the susceptibility The orbital moment is then said to 
be quenched The spins, however, are not directly affected by the cr 3 rstalhne 
fields and hence contribute fully to the susceptibility An asymmetric 
crystalline field produces asymmetric partial freezing of the orbital moment 
and due to the coupling between orbit and spin, since the remnants of the 
orbital moment are anisotropic, the freedom of the spins to orient themselves 
along different directions will be different Hence the crystal ex|iibits 
magnetic amsotropy Due to the partial quenching of the orbital moments 
the susceptibility lies between the limits given by Pb' - v/4S (S + 1) and 
Ph' ” V4S (S + 1 ) + Jv (Iv t 1) In fact we have pointed out earlier 
that in the case of the biotites this is the case, the Bohr magneton values 
approaching the spin only value One important consequence of Van Vleck’s 
theory is that manganous and ferric salts should not exhibit any marked 
amsotropy, since the Mn+^ and Fe++^ ions are in the S state and therefore 
have no orbital moment to be quenched The present investigation also 
shows how the magnetic anisotropy of biotite is not dependent on the amount 
of feme iron in the specimens, and thus lends support to the theory 

In many hydrated paramagnetic crystals which exhibit large magnetic 
anisotropy, there is evidence from X-ray analysis that we have an octahedral 
arrangement of water molecules round the paramagnetic ion Recent 
experimental work shows that the crystalline electric field due to such an 
arrangement deviates widely from cubic symmetry'* and most probably 
possesses only hexagonal symmetry Usually m such paramagnetic crystals 
there are a number of these complexes (formed by the paramagnetic ion and 
Its environment of six water molecules) m the unit cell, differently onented 
with respect to each other, such that crystalline magnetic properties may 
have only the lower rhombic symmetry But in the micas the case is much 
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simpler Here the octahedral group around the Fe * * ion consists of four 
oxygen atoms and two hydroxyl groups and all the groups are arranged 
parallel to each other in layers in tlie crystal lattice Hence the anisotropy 
of the crystal actually corresponds to that of the»c individual paramagnetic 
complexes The hexagonal symmetry of phlogopite and biotite as regards 
the magnetic proiierties lends support to the view that the crystalline electnc 
fields due to the octahedral grouping possess the same symmetry In the case of 
muscovite, however, the departure from hexagonal symmetry may be attri¬ 
buted to the staggering of the sheets relative to each other which is responsible 
for the monoclmic angle of 95® and which probably introduces slight departures 
from the octahedral symmetry of the environment round the Fe^+ ion Since 
the 3d electrons occupy the outer shell they are very susceptible to slight 
changes m the positions of the surrounding atoms which can cause consider¬ 
able vanation in the character of the crystalline fields influencing these outer 
electrons The magnetic anisotropy of the paramagnetic complex ((Ft (OH)^] 
referred to a gram ion is most jirobably the value obtained for phlogopite 
since, here, the magnetic dilution is large enough for the interaction due to 
neighbouring paramagnetic atoms to be ignored 

The rapid increase in the magnetic anisotropy of the biotites with the 
percentage of iron is a new feature and gives an insight into the effect 
of the concentration of the paramagnetic ion on the magnetic anisotropy 
The explanation m this case seems to be that it is due to the interaction 
between neighbouring iron atoms The peculiar structure of mica is very 
favourable for such interaction to take place since the iron atoms lie all in the 
same plane and their population is sufficiently high in the biotites for most 
of them to occupy neighbouring j)o-»itions of six co-ordination Interactions 
of this character are not taken into account by Van Vleck's theory which is 
strictly applicable only in the case of salts of considerable magnetic dilution, 
e g , the highly hydrated sulphates and double sulphates of the transition 
elements 

These interactions are the 'exchange effects' or 'Austausch' discovered 
by Heisenberg The exchange effects are formally equivalent to a strong 
coupling between the spins of the interacting electrons and take place when 
the interatomic distance has a cntical value in ferromagnetics (2 7-3 A 
according to Forrer, m the case of iron) In the biotites, however, the 
distance between positions of six co-ordmation is of the order of 2 6 A which 
IS less than this cntical value For explaining the experimental results it 
IS enough to assume that the effect of these interactions is equivalent to 
imposmg a further restnctiou on the freedom of onentation of the orbital 
moments This will naturally increase the magnetic amsotropy At the 
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same time we should expect a decrease m tlie B ^hr magneton value due 
to the further quenching of the orbital moments This is actually found 
to be the case, lor we find that with the increase in the percentage of iron 
there is a corresponding decrease m the approximate effective Bohr magne¬ 
ton val le Thus the explanation offered seems to be qmte satisfactory 
although the exact nature of the interaction has to be investigated further 

10 Plcochronm of the Bxoities 

There is, as yet, no satisfactory explanation of the pleochroism of the 
biotites The intimate relationship between colours of inorganic salts and 
paramagnetism is well known, for salts of the transition elements which are 
coloured are also paramagnetic Saha^* has put forward a theory of the 
origin of colour in inorganic salts according to which absorption in the visible 
region of light is due to transitions involving the reversal of the spin vector 
of the one of the electroiLs of the paramagnetic ion Such transitioas 
although forbidden for the free paramagnetic ion are assumed to be possible 
111 solids and in solutions Subsequent work by Bose and others lends 
supimrt to this view 

The connection between colour and paramagnetism at once suggests a 
corre-^pondiug relationship between pleochroism and paramagnetic amso- 
tropy and the examination by the author of the available data on the plei- 
chroism and iiaramagnetic aiasotropy of salts of the iron group of elements 
has revealed that strong paramagnetic an sotropy is generally associated 
with marked pleochrotsm This enquiry proved to be fnutful in another 
way The author could not find any reference to the pleochroic properties 
of KeS 04 , (NH^)^ SO 4 , GHaO m the literature on the subject This substance 
IS known to be highly anisotropic magnetically and we should expect a marked 
pleochroism also A large single crystal was examined m the ( 010 ) plane 
and it was found that the colour is pale green for light vibrations in the 
y direction and yellow when the vibrations are in the a direction 

The bearing of the above on the pleochroism of the biotites is obvious, 
for wc have seen that pleochroism is most pronounced in the varieties nch in 
ferrous iron and the magnetic amsotropy also increases with the iron content 
The two phenomena are evidently closely related If the mechanism of 
absoiqition of light in biotite by the iron atom is the same as suggested by 
Saha (The positions of the absorption maxima areshgh ly different in the 
diffeicnt specimens and seem to c .rrespond roughly with the "D — 
and •!) — - transitions for the pleochroism implies that the rever¬ 

sal of the spin vector can take place only when the light vibrations are 
parallel to the cleavage plane and not when they are perpendicular. This 
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restnction in the orientation of the spins is evidently due to the influence 
of the asymmetnc crystalline fields which, according to Van Vleck, act 
indirectly on the spins through the spin orbit couphng and which are respon¬ 
sible for the large magnetic anisotropy 

The close correspondence between the ease of magnetisation parallel 
to the cleavage plane (the paramagnetic susceptibility parallel to the deavage 
plane is much greater than that perpendicular to it) and the readmess with 
which the spins respond to the electric fidd of light wave when this is parallel 
to the cleavage plane is very striking and is strongly suggestive of the 
fact that the polarisation of absorption in the biotites is chiefly due to 
the influence of the assvmmetric crystalline fields acting on the para¬ 
magnetic ion enhanced, howe\er, bv the spin-spin interactions The 
recent work of Krishnan and Chakrabarty’* on the polarisation of the 
absorption lines of single crystals of the hydrated sulphates of Pr and Nd 
IS interesting in this connection They find that " many of the absorption 
lines are strongly polarised, some of them being confined almost wholly 
to vibrations along one or another of the principal axes of the optical 
ellipsoid of the crystal and that these variations in the direction of 
polarisation occur even among the lines of the same group, in other 
words, among the Stark components which originate from the same 
absorption hue of the free ion, some are polansed strongly in one direction 
and some strongly in another " These crystals also show strong magnetic 
amsotropy Prom these facts Krishnan concludes that the crystalhne dectnc 
fields wluch produce the Stark splitting are also highly amsotropic 

The nature and disposition of the magnetic earners in biotitc may now 
be understood from the following picture The orbital moments being mostly 
frozen, the freedom of orientation of the spins is also restricted considerably 
We assume that the spins are mostly onented with the magnetic axes nearly 
parallel to the cleavage plane, randomness of onentation existing in azimuth, 
so that there is no residual magnetisation as should be the case in para- 
magnctics The magnetic earners possess complete freedom of onenta¬ 
tion in the cleavage plane Under the influence of a magnetic field parallel 
to the cleavage plane, we get the usual paramagnetism although consider¬ 
ably diminished in magmtude But when the field is normal to the cleavage 
plane, the resolved part of the spin moments perpendicular to the 
cleavage plane is much less on account of the restrictive action of the 
crystal fields, and we get a much lower susceptibihty Thus the high 
magnetic anisotropy may be explained Our picture also reveals how the 
reversal of the spin vector can take place in the cleavage plane but not 
pexpendictllar to it since the spins are directed more or less parallel to 
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the cleavage plane The pleochroism also is thus satisfactonly explained 
This physical picture although somewhat naive is sufficient to explain both 
phenomena in a crude way \ rigorous treatment of pleochroism taking 
into account the .Staik splitting of the energy levels in the crystal fields 
IS very desirable 

It seems very likely that the mutual interaction of neighbouring para¬ 
magnetic ions, to which we ascribed the enhanced amsotropy m the varieties 
rich m iron, plays a significant part in intensifying the pleochroism, 
although at present we cannot say to what extent But it is seen that 
when the percentage of ferrous iron exceeds a certain value, the effect 
due to the interaction of the iron atoms may become enormous as 
compared with the usual Van \^eck effect of the asymmetnc fields, and 
both th magnetic amsotropy and the pleochroism become exceedingly large 

Although the connection between pleochroism and paramagnetic 
aiiLsotropy seems to be obvious in the biotites, further quantitative investiga¬ 
tion IS necessary in the case of other paramagnetic salts to estabhsh the 
generality of the relation-.hip Some anomalous features also have to be 
explained hor instance, Murmann and Rotter have observed pleochroism 
in Mn.SOi, (NH*)* SO4, although this crystal is almost isotropic 

magnetically Again in the case of a rose-coloured variety of tourmahne 
containing a considerable percentage of manganese the author has ob¬ 
served pronounced pleochroism, the absorption band m green being very 
strongly polarised, while the magnetic amsotropy is very feeble The crystal 
is paramagnetic X = 0 31 x 10 *, —X,/ .= 0 008 xlO^cgs E M 

units This would indicate that at least as regards relative magmtudes, in 
all cases, pleochroism and magnetic amsotropy bear no simple relationship 
to each other 

A quantitative study of the polarisation of the absorption bands of 
paramagnetic crystals of salts of the iron group of elements, in relation to 
their magnetic anisotropy is under progress in order to further elucidate the 
connection between the two phenomena 

My heartfelt thanks are due to Sir C V Raman, p r s , N l,, for suggesting 
the problem and for his encouragement and helpful cntiasm I also wish 
to express my indebtedness to Mr N Jayaraman for his assistance while 
doing the chemical analysis and to Dr K R Enshnaswami, d sc , for kindly 
providing me with facilities for the same 

Summary 

The paramagnetic amsotropy and susceptibility of three different 
varieties of biotite and one each of muscovite and phlogopite have been 
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detennuied The ferrous and feme iron contents of the specimens have also 
been found by chemical analysis and their pleochroism estimated quantita¬ 
tively It IS found that the biotites are highly anisotropic and that both the 
anisotropy and the pleochroism increase with the iron content The magnetic 
anisotropy is seen to depend only on the amount of ferrous iron and not on 
the feme iron The relationship between the gram lomc anisotropy referred 
to Ke++, and the percentage of iron is not linear when the latter is high The 
anisotropy, in fact, increases more rapidly and this is attributed to the 
mutual interactions of neighbouring paramagnetic atoms, which cannot be 
neglected for high concentrations of the latter The results, in general, are in 
agreement with the theory of the paramagnetism of solids recently developed 
by Van Vleck and Penney and Schlapp based on the Stark splitting of the 
energy levels of the paramagnetic ion under the influence of the strong 
asymmetric crystalline electric fields The pleochroism of biotite is discussed 
in the hght of Saha*s view that absorption of light in inorganic salts of elements 
of the transition senes is due to transitions involving the reversal of the spin 
vector of one of the 3d electrons of the cation In biotite where the absorption 
is es enti illy due to the ferrous iron, the pleochroism is explained as being 
due to the fact that the reversal of the spin vector of the 3d electrons of the 
Fe‘‘+ ion can take place only when the light vibrations are parallel to the 
cleavage plane This restriction on the spins is attnbuted to the influence 
of the asymmetnc crystalline fields which according to Van Vleck*s theory 
give nse to the magnetic anisotropy also This affords a satisfactory 
theoretical explanation of the ongin of pleochroism besides indicating the 
character of its intimate relationship with paramagnetic amsotropy, observed 
expenmentally 
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A STUDY OF THE BENZOIN REACTION. 

VI. The Effect of Temperature Variation on the Benzoin Reaction 

By B F Ferreira and T S Wheeler 

(Prom the Department of Chemistry, The Royal Institute of Science, Bombay ) 
Received July 22 ,1938 

For some time past this I^aboratory has been engaged on a study of the 
kinetics of the benzoin reaction between solid potassium cyamdc and 
benzaldehyde * It has been shown that when pure jxitassium cyanide and 
pure benzaldehyde react, two concurrent reactions take place a fast homo¬ 
geneous autocatalytic reaction, between benzaldehyde and a trace of potas¬ 
sium cyanide dissolved m it, which reqmres the presence of benzoin , and a 
slow heterogeneous reaction between benzaldehyde and the sohd potassium 
cyanide The slow heterogeneous reaction is subject to inhibition by 
compounds such as potassium chloride, iodine and qumoiie This paper 
comprises a study of the effect of temperature variation between 60° C and 
120° C on the two reactions involved, previous work has been done at 
100* C 

Expenmental Techmque and Dtscusston of Results 

The analytical methods and the general techmque have been described 
m the previous papers Merck’s purest benzaldehyde, pretreated with 
potassium cyamde (Part V, loc ett, p 614) and Kahlbaum’s purest potassium 
cyanide dried at 110* C at 2 mm pressure for 2 hours were used Water 
was employed in the thermostat up to 100° C and above that glycerol The 
temperature was kept constant to within 0 3*C 

The approximate solubility of benzom m benzaldehyde was determined 
as it was required in the exammation of the results The method employed 
involved observation of the clouding-pomts of benzenn solutions of known 
strength in benzaldehvde Table 1 summarises the solubihty results 

Figs 1, 2 and 3 give the eiqienmcntal observations on the production 
of benxoin. It will be seen that the time-yield corves are of the same type 
as those previously obtained at 100° C Above 100* C it is difficult to follow 
the reaction owii^ to its rapidity and there is evidence of the decomposition 


* Parti I, n and Ill, / Physical Chem, 1935, 39, 727. 901, 907, Parti IV and V, 
Prec. Jnd, Aead. Seu, (A), 1935,2. 483,605 
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Tabz^ I 


Temperature 

0 bonzom 
diNNolvoil 
in 10 

bonzaldehydc 

60 

2 6 

70 

4 0 

80 

5 8 

00 

8 0 

100 

10 6 


Above lOO” C miscibility is rapidly obtained 
of the benzoin formed by the further action of potassium cyanide A 
similar effect was observed by hachman * 
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A mathematical study of the results shows that the equation which was 
worked out in Part I for the initial stages of the reaction up to the separation 
of benzoin can here be applied The equation is — 

< - c' = - 1/A, [ - 5/«' H- 3 45 log - 4 60 log (10 + X' - »')] 
where «' = g benzaldehyde remaining at time t, 

/e, — the value of the homogeneous constant, 

X' = 2k\lki, Aj' being the heterogeneous constant, 
and f' IS a constant 

At 100°, kl for 1 g effective KCN per 10 g benz.ildehyde is 0 185, 
and A, is 5 7 Effective KCN, it may be noted, is the gross quantity of 
KCN used less 0 17 g , since it has been found previously (Part I, p 730) 
that 0 17 g KCN is always ineffective in the exprnments Ifurthcr expen- 
ments have shown that at higher teinjicratures the inactivity of this small 
amount of cyanide still persists 

On investigating the apjiluation of the above eipiation, it was found 
that between 80° C and 100° C and possibly up to 120°C, A, the homo¬ 
geneous constant does not change, but retains the value 6 7 

The heterogeneous constant Aj is found 1 1 the range involved to be 
approximately doubled for each rise in temperature of 10° C , this ratio for 
the temperature coefficient is not unusual *Stcrn* found a similar temjiera- 
ture coefficient for the reaction in aqueous alcoholic solution We can 
accordingly write the equation for the temperature range investigated as 
given above putting A* for 1 g of effective KCN per 10 g benzaldehyde equal 
0 - 100 

to 0*186 X 2 being expressed in °C 

Table II shows the value of X' for the vanous senes of expenments made 
in the present investigation By choosmg suitable values of c' it was found 
possible to reproduce all the experimental curves obtamed between 80° C 
and 100° C up to approximately the point at which from the results given 
in Table I, benzoin was known to be separating 

At 110° C and 120° C there is decomposition of lienzoin, but the imtial 
portions of the curves for 1 g KCN at 110° C and 120° C could be reproduced 
by the same equation Below 80° C the regularities in the values of A^ 
and ki were no longer to be observed, both appeared to decrease m value 
with further reduction in temperature 


* Z. phytikat Chem., 1905, 50, 554 
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Tabi^ II 


Temperature 

°C 

KCN used 
(a) 

g- 

KCN effective 
(ft = a - 0 17) 
g 

kt' =0 186 b 

0 - 100 

X 

X' = 
^67 

80 

1 0 

0 

83 

0 038 

0 013 

80 

2 0 

1 

83 

0 085 

0 030 

80 

I 

3 0 

2 

83 

0 131 

0 046 

86 

1 0 

0 

83 

0 064 

0 019 

00 

1 0 ! 

0 

83 

0 077 

0 027 

90 

2 0 

1 

83 

0 169 

0 059 

100 

1 0 

0 

83 

0 154 

0 054 

100 

2 0 

1 

83 

0 338 

0 119 

100 

3 0 

2 

83 

0 624 

0 184 

no 

1 0 

0 

83 

0 307 

0 108 

120 

1 0 

0 

83 

0 614 

0 216 


Summary 

Contmuation of the investigation of the benzoin reaction between pure 
potassium cyamde and pure benzaldehyde in the absence of solvents and 
diluents has shown that between 80° C and 110° C the rate of the fast 
homogeneous autocatalytic reaction remains unaltered, the slow hetero¬ 
geneous reaction has its rate approximately doubled for each 10° C nse in 
temperature 








DIFFRACTION OF X-RAYS IN ORGANIC GLASSES. 

By T M K Nedungadi 
R eceived Augast 15,1938 

(Communicated by Sir C V Raman, Kt, pas. Nr ) ' 

Introduction 

X-Ray difEraction studies with glasses have greatly assisted m eluadating the 
structure of the amorphous state of matter and its relation to the liquid 
state It IS well known, even from the early observations of Fnednch^ on 
the scattenng of X-rays by wax and other amorphous sohds and by Jauncey* 
on the scattering by glass, that the diffraction pattern in the case of glasses 
consists of diffuse haloes as m the case of hqmds This indicates that the 
arrangement of the molecules or atoms in the glassy state presents a closer 
analogy to that in the liquid than that in the crystalline state Later, many 
inorganic glasses such as vitreous silica, borax glass, etc, have been investi¬ 
gated by workers in the field, notably Randall, Rooksby and Cooper, Zacha- 
raisen , Wyckofi, Warren and others,* with similar results 

This similanty in the X-ray pattams of the liquid and glass supports 
the fundamental conception that glass, though it possesses some of the 
mechamcal properties of the solid state, is, nevertheless, to be regarded as an 
undercooled liquid characterized by optical isotropy and by lack of S3rmmetry 
or periodicity in the macroscopic arrangement of the structural elements 
The transition from the glassy to the hquid state does not take place at a 
precisely defined temperature and does not mvolve latent heat effects or any 
sudden change in the volume as in the case of the transition from the crystal- 
hne to the liquid state Now, it is obvious that the real relation between 
the Uquid and glassy states can only be understood by a detailed study of 
the changes which take place when an amorphous solid changes to a hquid 
and mu versa The first attempt to approach the problem from this pomt 
of view is that of Dr Knshnamurthi* in his X-ray study of some amorphous 
solids at the transition temperatures He has followed up the dianges in 
the diffraction haloes obtained in the case of ordinary rosin, shellac, and of 
a synthetic resin during the transition from the solid to the hqmd state He 
noticed that the sharp haloes obtained in the case of the solid became more 
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diffuse when the substance was melted Besides, the transition was followed 
by a contraction in the diameter of the halo in the pattern and an increased 
scattering at small angles 1o the primary beam These observations have 
been explained by him by mtans of the theory put forth by Kaman and 
Ramanathan for X-ray diffraction in liquids and amorphous solids In the 
light of these facts, some observations of the X-ray diffraction haloes given 
by liqmds which are supcTtooled and made to pass into the vitreous condi¬ 
tion would be of interest in order to further elucidate the nature of the glassy 
condition and partu ularly, to det(‘rniiiie whether, when the temperature 
IS taken below the softening point, any further rearrangement of molecules 
taki's place The present work is, hence, an attempt to study simultane¬ 
ously some organic glasses and their corrcsj^onding liquids 

Experimental Technique 

Viscous organic liquids when freed from dust and cooled down to low 
temperatures are known m many cases to assume the glassy state In the 
present investigation, three substances which behave in this manner, namely 
glycenm, plienyl salicylate and benzopheiione have been studied both in the 
glassy and liquid conditions The samples were Kalilbaum's purest Glycer¬ 
ine, which IS a liquid at ordinary laboratory temperature, increases m vis¬ 
cosity as it is cooled down and begins to solidify at about 221'’ K, the tempera¬ 
ture T/at which it becomes a hard glass being IS?'’ K Phenyl salicylate 
(Salol) IS a solid with the melting point 318"" K If melted and kept undis¬ 
turbed, It remains a liquid at laboratory temperature 298*^ K In order to 
avoid easy crystallisation, it was found necessary to distil the substance m 
vacuum When the pure liquid is cooled, it sets itself as a glass at 238® K 
Ben/ophenone (melting point 322® K) becomes glassy at 219 6® K Many 
attempts to keep the twt) latter substances in the glassy state were unsuccess¬ 
ful, since slight variations of temperature of the glass brought about sudden 
crystallisation 

For photographing the X-ray diffraction patterns an ordinary flat film 
camera was used The experimental arrangement employed in the present 
investigation was the same as in the powder photograph method of Debye 
and Scherrer However, the arrangement had to be modified so that the 
spc*cimen could be cooled to suflic'icntly low temperatures. The camera used 
for the purpose consisted of an air-tight rectangular box (shown m the figure) 
made of brass and hned inside with lead The low temperature specimen 
holder was a copper rod 1 *5 cm in diameter and 10 cm long, projecting 
up to about 4 cm inside the camera through a hole at the bottom fitted 
with a soft rubber stopper The hquid was contamed in a thin capillary 
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tube of lead-free glass which by itself did not give any observable diffraction 
pattern even with very long exposures to X-rays The capillary tube with 
the hquid was inserted into a narrow hole which runs down axially to 2 cm 
from the end of the copper rod inside the camera The X-ray beam, colli¬ 
mated by a long fine hole (diameter G mm ) in a lead block, was allowed to 
traverse the specimen through a small transverse aperture (diameter 3 mm ) 
which was opened out a little on the film side of the rod, so that the diffract¬ 
ed beam would not strike its edges The specimen was cooled by keeping 
the whole length of the copper rod, projecting below the camera, dipped in 
liquid air To minimise the effects of conduction from tlie surrounding air, 
the part of the rod inside the camera was covered by a thick layer of asbesto®, 
leaving a clear path for the X-ray beam to traverse the specimen 



Fic 1 Schematic Diagram of the X-Ray Camera 
1—Copper Rod, 2--Glass Capillary and the Speennea, 3—Sht, 4 -Nickel Foil, 

S- Glass Window, 6-'Photograpine Film, 7‘-As*jestos Covering, 

8 —Rubber Stopper, 9—Lead tining, 10 —P 2 O 5 

An easy method of avoiding the deposition of ice on the copper rod and 
the specimen when they were cooled down was to keep the air inside the 
camera perfectly dry Hence the camera was covered up with another metal 
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plate, the joint between the cover plate and the camera was made air-tight 
with a putty supplied by Metropolitan Vickers The camera was evacuated 
and dry air let in To remove the water vapour which might still remain 
in the air, some flat dishes containing phosphorous pentoxide were previously 
placed inside the camera The opening of the slit of the camera was closed 
by a luckel foil (thickness 06 mm ) This foil, besides making the camera 
air-tight, also served as the filter for the X-radiation from the copper anti¬ 
cathode of the X-ra\ tube It was certain that with this arrangement, the 
copper rod and consequently the specimen attained a temperature sufficiently 
low, since, on looking through a glass window at the top of the camera, the 
tendency for the formation of CO 3 flakes on the copper rod was quite 
visible 

The source of X-rays was a metal Shearer tube, excited by a transformer, 
the voltage apphed being in the neighbourhood of 35 K V The nickel filter 
used completely cuts off the K/f of copper, and the Ko with A = 1 54 A (though 
mixed with a little general radiation) that is transmitted, serves as the mono¬ 
chromatic X-ray beam The photographic film was kept at a distance of 
4 6 cm from the specimen With a current of 6 milhamperes m the tube, 
exposures of the order of 8 hours were found necessary to obtain good 
diffraction patterns 

Results and Dtscusston 

The results obtained in the case of all the substances are striking A 
comparison of the negatives of the diffraction patterns for the hquid and 
the glass reveals m the latter ( 1 ) a considerable decrease in the scattering at 
small angles, ( 2 ) a conspicuous sharpening of the liquid haloes, and ( 3 ) a 
widening of the hqmd haloes Due to the complicated structure of the 
molecules. quantitative calculation by the method of Founer analyses develop¬ 
ed by Zernike and Prins* was found to be very difficult and hence the results 
are recorded and explained in terms of the existence of Bragg reflection 
planes in the hqmd Results obtained from measurements of the negatives 
are recorded in Tables I, II and III Column 2 in the tables gives the 
scattering angle for the direction of the maximum intensity in the halo 

The spacings, calculated from the Bragg formula am where $ is the 

z sin tfjJi 

angle between the direct and the diffracted beams, are given m Column 3 
Columns 4 and 5 give the spaemgs calculated similarly, corresponding to the 
inner and outer limits to which the halo extends The last column gives the 
differe.icc of Columns 4 and 5, and serves to indicate the sharpness of the 
halo The photographs are reproduced in Plate II The observed effects 
are much more clear m the onginal negatives than in the prints. 
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Tabi£ I 

Glycerine Tg — 187® K 



e 

! 

1 __A 

" 2«in «/2 

AU 

Spacing of the 
inner Hunt 

AU 

Spacing of the 
outer limit 

1 AU 

Difference in 
the Hmitn of 
spacing A U 

Liquid 

19® 34' 

4 49 

4 91 

3 96 

96 

Glass 

21® 23' 

4 *14 

4-49 

3 86 

63 


TABtP. II 


Phenyl Salicylate Tg == 238® K 



e 

,1 ^ 

“ 2 »m 0/2 

A U 

Spticlng of the 
inner limit 

A U 

Spacing of the 
outer limit 

A U 

I>i(¥erence in 
the limits of 
spacing 

AU 

1 

rlst halo 

1 

9° 16' 

9 53 




Liquid^ 

2nd „ 

17® 30' 

5 06 

6-71 

4*63 

1 08 

1 

' 3 rd „ 


« 

4 63 

2 59 

2 04 

1 

rlsl halo 

10® 10' 

8 69 




Glass > 

1 2nd ,, 

18° 4' 

4 95 
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1 

^Srd „ 

24® 25' 

3 64 



1*44 


Tabl£ III 


Benzophenone Cx,^i.O Tg ^ 2ir 6 K 
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® Siln 0/2 

AU 

Spacing of the 
inner limit 

AU , 

Spacing of the 
outer limit 

AU 

Difference in 
the limltH of 
spacing 

AU 

Liquid .. 

18° 54' 

4 69 

5'23 

4 21 

102 

Glass 

20® 0' 

4*43 

4 9 

416 

74 
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In the case of liquid glycerine, earlier workers have got one prominent 
halo with comparatively little scattering at small angles When the liquid 
sohdihes, this main halo increases in diameter which shows a decrease m 
the spacing to tin extent of 35 A hrom Column fi it can be seen that this 
halo is shar]>Lr than that of the liquid The diffraction pattern for glycerine 
in the glassy state shows clearly the exttnt of the decrease m the scattering 
at small angles 

lyiquid salol dot's not seem to have been investigated by X-rays till now 
The lK|ind pattern consists of three more or less diflu'^e haloes, the innermost 
I)eing very faint The second one is very intense, and the third so faint and 
diffuse that it IS not separated from the second In the pattern for salol m 
the glassy stale, all the haloes widen out and get so much sharpened that 
the second and third are well resolved and show theiiLSclves up as two separate 
haloes Ben/ophciionc gives a jiattcrn similar to that of glycerine, the pattern 
for the glass showing markedly the widening and sharpening effects 

The above facts can be explained qualitatively by means of our concep- 
iion of the 2 >h)^ical changes taking place when the lujuid solidifies to form 
the glass 

Scattering at Small An{>les —^In the particular case where the angle at 
which X-rays are scattered is very small, the ordinary classical theory of 
scattering of visible light, developed by Kinstcin and Smoluchowski for 
liquids, can bt applied with sufficient jnstihcation, as was shown by Raman 
and Ramanathan’m their theoretical consideration of the X-ray diffraction 
in liquids Now, according to this classical theory of light scattering, the 
intensity of light scattered due to unit volume of a liquid is proportional to 

(^\ 2 \ 

\ 3 / N 

where /c is the refractive index of the liquid, n the total number of molecules 
m the liquid jier unit volume, R and N the gas and Avogadro's constants 
respcH^tively for gm molecules, and j3 the isothermal compressibility of the 
liquid In the above expression for intensity, both T and j8 decrease when 
the substance is cooled down a»id hence the intensity of scattered light 
at such small angles should decrease When the liquid changes into glass, 
the decrease m compressibility is enormous, jS for the hard glass being many 
times smaller than that for the liquid Hence the large amount of decrease 
in the scattering of X-rays that is observed in the case of glasses, is quite 
consistent with the above considerations 

Sharpening of the Haloes —^The sharpening of the hquid haloes in the 
glassy state can be considered to be due to the decrease m the fluctuation 
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of the mean molecular distance in the liquid On account of the high vis¬ 
cosity of the glass, the molecules get almost fixed up in space and hence, the 
deviations of the molecular distances from the mean are considerably lessened 
The ideal case where there is absolutely no fluctuation in the spacing will 
be the crystalline state where the diffraction patteni consists of very sharp 
nngs However, the case of glass is nowhere near that of the crystal, as is 
evident from the diffuseness of its haloes compared to the sharjiness of tlie 
rings in the crystal pattern 

Widening of the Haloes —This is obviously due to a decrea*'C in the 
mean molecular distance, for, according to the Bragg formula 

A ^ 2 sin 0/2 

if d decreases, d the angle at which the maximum scattering occurs in¬ 
creases This decrease in the value of d m the case of the glass is a conse¬ 
quence of the neanng up of the molecules to form a closer packing in the 
solid condition 

Now, it IS interesting to note that the above results arc found to agree 
with those predicted by Raman and Ramanathan in their consideration of 
the influence of temperature on the liquid haloes Their conclusions have 
been verified in the case of high temperatures by Ramasubramanian** and 
Vaidyanathan 

Thus the above results induate that when the temperature of the sub¬ 
stance IS lowered below tlie softening point, no radical rearrangement of the 
molecules other than those naturally due to the lowered temperature of 
the fluid takes place This idea is supported by observations on light 
scattering in amorphous solids and undercoolcd liquids Experiments on 
light scattering by glassy salol have shown that the light scattering power 
in the glassy and liquid states remains of the same order of quantities 
Hence the constitution of glass can be considered to be fundamentally the 
same as that of the liquid, with the difference that in glass, the molecules are 
nearer each other than those m liquids with almost fixed positions for them, 
while in the case of liquid their positions are constantly varying 

In conclusion, the author takes this opportunity to record his grateful 
thanks to Prof Sir C V Raman, Kt, r r s , N l , under whose inspmng 
gmdance the present investigation was earned out 

Summary 

Using a modified form of the ordinary X-ray diffraction arrangements, 
three orgamc substances, namely glycerine, salol and benzophenone have 
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been investigated both in the liquid and glassy conditions by means of X- 
rays The changes observed m the diffraction patterns when the hqmd 
changes into glass are (1) a large decrease in the scattenng at small angles 
with the primary beam, (2) a considerable sharpening of the haloes, and 
(3) a widening of the haloes The first two effects have been explained by 
taking into consideration the large decrease in the compressibility of the 
substance as it changes from the liquid to the glassy state and the last one as 
due to the decrease of the iiitermolecular distance to form a closer packing 
of the molecules in the solid condition 
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1 Introduction 

A knowledge of the complete spectra of molecules along with their polar¬ 
isation characters is of great importance in the elucidation of their molecular 
structure The theory of groups is of great help m this direction On this 
theory it is possible to calculate the number and nature of modes of vibration 
and their selection rules for any molecule xiossessmg some elements of sym¬ 
metry According to Wigner* the number of osallations Up of the type of 

vibration p, is given by ap — | ^ « (R) 

where e (R) •= Z* («r — 2) (1 -t- 2 cos -f- Z*«r (2 cos p — 1) 
rotation pure rotation and rejection 

h IS the number of elements of symmetry for a particular group, p the angle 
of rotation for any particular clement of symmetry (axis or plane) which does 
not alter the character of the group after rotation, «r the number of points in 
any symmetry, and x(^) the character of the irreduable representation of 
various types of elements of the group Tables for the representation of 
such characters have been given by Tisza* The number of pdansed and 
depolanscd lines for a given molecular structure can thus be found out and 
compared with the expenmental data. The present paper gives the results 
of an investigation on the Raman spectra and depolansation measurements of 
decaline, tetralin, indene, /raf(s-/3-decalone, /rans-jS-decalol and naphthalene, 
and these have been discussed in rdation to the molecular structure 

2 Expenmental 

All the substances examined were in the hqmd state excqit trans-^ 
decalol which was a solid These were purest Kahlbaum’s chemicals except¬ 
ing frA»$-/3-decalone and frawS'/S-decalol which were lent to the author by 
Dr M A. G. Rau These were further purified and twice distilled in vacuum 
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into a Wood's tube Two pyrex arcs were used for illumination, and a 
Hilger Littrow glass spectrograph having a dispersion of 10 A IJ per mm 
in the 41158 region was used for j>hotographing the spectra The plates were 
measured on a llilger cross-slide micrometer in comparison with an iron arc 
spcLtrum The accuracy of measurement is about 2 for sharp and 

intense lines 

The depolarrsation measurements were made on a Fuess glass spectro¬ 
graph of high liglit gathering power The light from a quartz arc placed 
at the side was facussed by a glass condenser on the Raman tube which was 
carefully aligned to the axis of the spcctrograiih A quartz double-image 
prism jilated between tlu slit of the sjiectrograph and the observation end 
of the tube separated the scattered radiation into two components, vertical 
and horizontal, which were focussed by a lens on the sht of the spectrograph 
The ])latc was then run on a murophotometer and the densities of lines m 
the two components were found out In cases where the plate showed the 
background, the density of the hue was obtained by subtracd-ing the density 
of the backgnmud from the total density of the line A set of intensity 
marks were obtained on the same photographic plate by the method of vary¬ 
ing slit widths, using as a source of illumination, a small tungsten filament 
lamp fed by a current from a freshly charged battery at a constant voltage 
Blackening—^log I (intensity) curves were drawn for four wave-lengths by 
running this plate on the niierophotomctcr All the curves were parallel 
in their stiaight portions The same curves were used for all the plates which 
were developed in the same strength of the developer for the same time 
From the curve corrc-sponding to A ' 4358, the intensities of the lines m the 
two components were read off from the known values of their densities and 
their depolarisation ratios obtained The ratio determined in this way in¬ 
volves errors due to the spectrograph and other accessories These were 
found by taking the spectrum of the direct unpolansed light from the mer¬ 
cury arc after it had passed through a double-image prism, and finding the 
ratio of intensities m the vertical and honzontal components in the manner 
stated above This gave a value of 0 G8 for the spectrographic correction 
Without altering the experimental arrangements the depolarisation ratios 
for carbon tetrachloride lines were found and compared with the known 
values of depolarisation for these lines Good agreement was observed 
on making the above correction 

3 Results 

The results of investigation are tabulated in Tables I-VI The follow¬ 
ing notation has been used for the assignment of hues ;— 
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A = 4358 34 e 

A =4108 h 

A = 3663 0 

-= 1347 50 / 

= 4077 8 i 

= 3665 p 

- 4339 24 ^ 

404(. 5 k 

= 3650 q 



= 3906 m 



= 3984 1 


1 Decaltne —^The <^ubstance has been investigated previously by 
Bonino and Celia,® Mukerji/ Jatkar,® Mitia,® Mutsnno and llan ^ The 
following new lines have been observed in the prtsent investigation 740, 970, 
1079, 1124, 1451 The lines at 740 and 1144 apjiear as companions to the 
intense lines 752 and 1162 The agreement between the results of tht 
previous workers and the author is fairly dost Of the lines recorded 18 
art polarised and 19 depolarised 

2 1 etralxn —The substance has been uuestigatcd by Boiuno and 

Celia,® Mukerji/ Venkateswaran® and Mutsuno and llan ^ The following 
new lines have been observed 788, JU88, 127*1, 129*1, IS20, J30i 3(»30 and 
3056 The lines at 1285 and 3049 reported by prexious workers are split 
up into doublets at 1273 and 1291, and 3036 and 1056 Tht lattir may be 
a combinational frequency given by 3036 1601 -[ 1512 , several doublets 

are present in the spectra and all the C H frccjiieiuies between 2800 and 
3100 extitfd by A — 4046 are resolved into sharp lines, whereas in decahno 
they appear as broad lines The wmig accompanying the Kayleigh line m 
tetrahn is stronger than in dccahne There are 21 depolarised and 20 ^lolar- 
ised lines The continuous spectrum in tetrahn is dti)olansed 

3 Indene —This has been investigated by Ha>asln,® Man/oni-Ansidci,'® 
and Mutsuno and Han ’ TJie author's results agree ver> closely with those 
given by Ansidei, but Hayashi’s values in general appear to be systematically 
lower New frequencies have been observed at 2785, 987, 470 and 320 A 
great majority of lines show a value of p in the neighbourhood of 50 

4 Trans-jS-Dtfca/ow^—No previous investigation appears to have been 
made on this compound It is a substitution jiroduct of dec aline, two of 
the H atoms of which arc replaced by an O atom in the j8-position The 
spectrum strongly resembles that of decaline, and has yeilded 39 hues of 
which 22 are polarised and 15 deiiolarised 

6 Trans-j8-D«ca/o/—The substance was examined in the sohd state 
by the method of complementary filters In spite of the fact that the 
substance was punfied by repeated crystallisation, it was not possible to 
get nd of fluorescence Hence the spectrum is not complete, only 8 hues 
being observed 
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6 Naphthalene —Kahlbaum’s pure naf^thalaie for analysis vas dis¬ 
tilled in vacuum and sealed in a double walled tube The outer jadcet was 
filled with water to ensure uniform heating and also to control temperature. 
As there was only a feeble background, it was possible to determine the de- 
pdlaTisation ratios of Raman lines The spectrum of naphthalene has been 
examined by a number of workers—Petnkaln,^ Kohlrausch and Dadieu" 
(solution), ZimeckP* (molten), Gockd** (mcdten), Mutsuno and fian^ (solu¬ 
tion), Manzoni^^ (solution), Ananthakrislman^' (solid). Canals andP Pevrot** 
(soUd) and Kohlrausch *** According to the X-ray evidence,*^ naphthalene 
possesses a centre of symmetry, and so the vibration spectrum should show 
only 24 lines Only 10 Imes have been repotted for the molten state, 
11 for solution, 16 lines for crystal Pevrot and Canals report 24 lines for 
the crystal but the assignments are not all correct One ct the lines 
702^ IS in fact i-611 and is no new hne In the present case an mtense 
picture was obtained under prolonged exposure and 21 Imes were 
identified The spectra reported by vanous workers are given below for 
comparison 

It may be seen from the table that the lines at 1168 and 1623 appear 
only in the sohd The line at 1280 in sdhd is shifted to 1250 m hquid, and 
two new Imes at 121 and 397 are observed m the hquid Otherwise the 
spectrum observed by the author contains aU the hues reported by one or 
the other of previous workers 
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4 Dtscttsston 

For purposes of comparison the spectra of all compounds studied in the 
present paper are schematically represented in Fig 1 The frequency shifts 
of Raman lines are represented horizontally m wave numbers and the inten¬ 
sities are indicated by the heights of the lines The figure by the side of 
each line indicates the value of the depolarisation ratio Depolarised lines 
are crossed along their entire length The letters S (C — H), v (C — H) 
C=0, C=C, C—C indicate the types of oscillations 

A general comparison' of the spectra reveals the following facts — 

(1) Certain Raman lines have fairly constant frequency shifts and de¬ 
polarisation ratio in all the compounds. These are joined by dotted hnes m 
the figure They he in the regions 400-600 ems and 700-800 cm The 
ratio of the intensities of these hnes as read from the microphotometer curves 
IS 1 *03 in naphthalene, 1 10 in decahne and 1 *2 in tetrahn The intensity 
and depolarisation considerations lead us to conlcude that these hnes should 
be nng vibrations of the two fused nngs 

(2) Besides the above lines there are two lines m all the compounds, 
one strong lying in the region 1019-1040, and the other of medium intensity, 
lying in the region 1075-1090 which change their polarisation characteristics 
as we pass from compounds contaimng the two benzene nngs to compounds 
containing two cyclohexane nngs The first line appears polarised {p » >43) 
in indene, tetrahn and naphthalene [p » 56), but is weak and depolarised 
in decahne and decalone The other hne is polarised m decahne and deca- 
lone and tetrahn, but unpolansed in others As benzene and its derivatives 
show a strong polarised line in the neighbourhood of 1000, while cydohexane 
and its denvatives show a depolarised hne near 1028, these hnes may be 
expected to come out with the same intensity and polarisation in compounds 
containing the two fused benzene or cyclohexane nngs 

(8) Raman hnes having frequency shifts bdow 200 are present m all 
the compounds They are very broad, fairly intense and completely de¬ 
polarised in tetrahn Such broad low frequeeny hnes are not generally ob¬ 
served in compounds possessmg a single nng-like benzene and its derivatives. 
Therefore these hnes may be attnbuted to the deformational oscillation of 
the two rings of these compounds against each other It may be expected 
that in molecules possessing a puckered structure their oscillations would be 
more pionopnced and the lines would come out with greater intensity. 
This may explain the greater intensity of these deformational oscillations 
in tetralin. 
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The infra-red spectra of decaline, tetialin and naphthalene have been 
investigated by Comte ** The spectra of decalin and naphthalene exhibit 
greater resemblance than that exhibited by the spectra of benzene and cydo> 
hexane. The infra-red spectra given in Tables VII.^ VIII and IX show strong 
absorption bands at 740 and 939 cm~^ which are also exhibited by other 
compounds containing the naphthalene nng These hnes come out weakly 
in the Raman spectra 

Tetralin —contains one benzene nng which is plane and one cyclohexane 
r in g which IS puckered Dipole moment** measurements indicate a small 
electrical moment for the molecule This may be either due to a puckered 
structure of the molecule or it may be due to a strain m the chemical bonds 
due to the fusion of the two nngs As the cyclohexane nng is puckered, 
the first IS a likely possibility Polarisation study of vibration lines in 
tetrahn lends support to thts view 

If we regard all the carbon atoms 
m tetralm in one plane, the vanous 
elements of symmetry are ( 1 ) a binary 
axis C|*, ( 2 ) a plane passing throi^h 
this axis, (3) a plane 94 which is the 
plane of the molecule and an identity B 
The symmetry of the group is then C|„ 
which admits of four irreduable re¬ 
presentations At, At, Bt, Bt which are given below 


Type 

Cliftr«oter Uble 

Number of vibniUoni 

Selection rules 

£ 



Ov 

Bmg Txq 

Moleoulo 

Raman 

Infra*Ted 

1 

Ai 

1 

1 

1 

1 

1 

0 

12 

pol 

a 

Ag * 

1 1 

1 

- 1 

- 1 

4 

12 

dep 

w 


1 

HI 

1 

- 1 

6 

18 

dep 

a 


1 


- 1 

1 

3 

a 

dep 

a 

1 

•• 

1 

i 

22 

60 1 

1 

0 

2 

U 

14 

0 

0 

1 

fur 1 

moleoiile 

^12 



The caknlatioa shows that 19 pdansed and 41 depolansed lines are to 
be expected if all the carbon atoms he in one plane—^the plane of molecule 04 . 
If, however^ the molecule is puckered, the pudcenng can occur oidy in ^ 
tydohemme ring, for the benzene ring is known to be plane. Further the 
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two carbon atoms directly linked to the benzene nng must he m the plane of 
the nng, and the two other atoms can he m the plane of other atoms or 
displaced from it In the latter case there will be no axis of symmetry C|* 
but the plane Oy can still exist if both atoms are displaced to one side of the 
plane oh In this case the group symmetry becomes C^, the two dements 
of symmetry being E and aj" 



Character table 1 

i 

Number of vibratioufi 

fioleotion rules 

Tyjie 

R 

Ov 

Ring 

Molecule 

Raman 

Infra red 

Ai 

1 

1 

12 

30 

pol 

a 

A 2 

1 

1 

12 

30 

dep 

a 

«I1 

22 

0 






1 eo 

0 






The calculation shows that 30 polansed and 30 depolansed Imes are to 
be expected for the given puckered structure In tetrahn, 46 Imes have been 
recorded, of these 20 are polarised and 21 depolarised The polansation 
measurements therefore appear to support the requirements of a puckered 
structure better than that of a plane 

The infra-red absorption maxima of tetrahn are recorded in the foUowmg 
table 

Tabi,® VII 


Infra red 

741 (t) 


7R5(it) 

806(a) 


858 

893 

Raman 

744(0) 


789(0) 

80S(0) 

843 

868(0) 

004(0) 

Infra red 

039 (^) 

i 

975 (w) 

1032 M 


1053 (la) 


Raman 

038(0) 


082(0) 


1037 (a) 



Infra-red 


1100 (d) 


1227 

1266 


1429 (a) 

Raman < 

1088 (2) 


1118 (2) 

1234(0) 

1273 (3) 


1432 (5) 


The coincidence of infra-red and Raman hnes shows defimtdy that the 
molecule has no centre of symmetry 


Decahne —exists in two isomenc forms as cts and frans-decaline The 
polansation characteristics of cts and fnms-decalines can be easily calculated 
on the group theory 

(a) Trans-/orfH —^The elements of symmetry m this case are (1) a 
binary axis Ct", (2) a plane <r/ perpendicular to the axis and the plane of 
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Decatine—fraisj 


paper, (3) a centre of symmetry % and an identity E The symmetry of the 
molecule is therefore The number of vibrations and the character 

table IS given below 


Type 

Charaotor table 

Number of vilnutionH 

Selection rules 

E 

D 

Qv* 

D 



Raman 

Infra-red 

Ai 

1 

1 

1 

1 

7 

21 

pol 

%a 

A 3 

1 

1 

- 1 

- 1 

6 

19 

/ 

a 

B, 

1 

- 1 

1 

- 1 

6 

20 

/ 

a 

B, 

1 

-1 

1 

- 1 

1 

6 

18 

(lep 

ta 


28 

0 

4 

0 

1 









1 > for molecule 




78 

2 

4 

0 

} 





[/-forbidden, ui-inactivc, a-aotive ] 

(6) Cvi-form —^The elements of symmetry in this case are (1) a binary 
axis Ca perpendicular to the plane of paper and (2) two planes Vj/ and Cp" 



Dccallne^cfj. 
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passing through this axis and (3) an identity The symmetry is therefore 
Cat, The number of vibrations can therefore be wntten as foDows : 


Type 

^ Character table 

Number of vlbratione 

Selection rulea 

B 

B 

ap' 

<7„' 

Bing C,o 

Uoleoule 

^loHia 

Raman 

Infra red 

A, 

1 


1 

1 

7 

21 

pol 

a 

Aj 

1 

1 

B 

- 1 

6 

19 

dep 

M 


1 

-1 

1 

B 

B 


20 

dep 

a 

Bj 

1 

“ * 

- 1 1 

B 

Hi 

18 

dep« 

a 

Vr 

28 

0 

4 

0 

1 









>for moleoule C.aHia 



€n 

78 

2 

4 

0 

j 





These calculations show thi.t 21 polarised and 67 depolarised lines are 
•to be expected in the spectrum of cts-decahne while 21 polarised and 18 
depolarised hnes are to be expected m the spectrum of Irans-decahne 

To verify these numbers it is necessary to get ets and trans spectra 
separately In the present investigation the decahne used is a mixture of 
cts and trans molecules, the trans-form predominatmg The spectrum of 
decaline shows a number of pairs of fine hnes, one m each pair can be 
assigned to the cts- and the other to the trans-form The detection of sudi 
Imes has been facihtated by the use of a high dispersion spectrograph Such 
pairs are to be expected in the spectra of mixtures of cts and irons 
isomers, because, as the structures of the two forms are not very different, 
the frequency differences between the vibration hnes of the two forms cannot 
be expected to be large In order to assign the lines to the «»s- and trans¬ 
forms, the following procedure was adopted, A comparison was first made 
with the spectrum of trans-fi-dtcalooe which is completdy irons, and irons 
Imes isolated These are then compared with the infra-red spectrum of 
decahne as r^rted by l,e Comte The infra-red lines for the irons-fotm of 
decaline are forbidden in Raman effect, and therdore the infra-red hnes 
which are present as Raman lines should belong to the e»s-foim of decaline. 
The infra-red spectrum of decaline u given m Table VIII 

It appears that the strong sharp line at 741 is the symmetric oscilla¬ 
tion of the cis-form whereas 761 is the symmetric oscillation of the trons-fom. 
Barnng the hnes 785, 836, 917,1414, all the others may be taken as rqnesen* 
tative of the ets-form. 
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Tabi^ VIII 


Infrft-red 

741 (4) 

798 (ttf) 

836 (u») 


017 (IP) 


039(4) 

lUaMa 

740(3) 

706(1) 





032(0) 

Infra-red 

1022 (0) 

1230 (w) 


1200 (tp) 


1414 (IP) 


Raman 

1018 (0) 

1233 (0) 


1273 (2) 





The following lines may thus be assigned to m- and trans-form’^ 


Cts form 

Trana form 

Jatkar 

1 

Author 

-1 

Jatkar 

Author 


P 


P 


320(0) 

1 

I> 


180(0) 

D 

S3«(0) 




406 (5) 

7 

606(3) 

606 (3) 

63 


446(1) 

P 


740(3) 

40 

401 (6) 

491 (6) 

46 

704(1) 

708(0) 

D 


647(0) 

D 

j 

032(0) 

I> 


761 (8) 

46 


1018(1) 

D 


848 (4) 

47 

1040 (2) 

1046(2) 

® 1 

881 (3) 

876 (2) 

70 


1088(1) 

B 

067 (1) 

070(0) 

D 


1124 (2) 

D 

006(2) 

088(1) 

D 


1102 (2) 



1066 (2) 

D 


1134 (0) 

J> 


1070 (2) 

V 


1233 (0) 

D 

1146 (3) 

1144(1) 

D 

1270 (6) 

1273 (2) 

3> 

1284 (1) 

1242 (0) 

D 

1347 (3) 

1348 (6) 

B 


1264 (0) 

D 



B 

1363 (5) 

1368 (6) 

• 8 





1444 (6) 

*8 


The results of the author agree with those of Jatkar,* who worked with 
a concentrated form of frans-decahne If we take the uegion 0 —1200 as 
briwwgttig to the carbon ring we find 6 pdaiised and 7 depolarised Imes which 
show goi^ agreement with the calculated number of 7 polarised and 0 


























86 Bishambhar Dayal Saksena 

depolarised lines. In the cis-form we find 8 polarised and 16 depdlansed 
lines which agree with the calculated number of 7 polarised and 17 depolar¬ 
ised lines 

Naphthalene —^The molecule of naphthalene contains two fused benzene 
rings, but on account of the difiereut chemical behaviour of the two rings, 
three different types of structural formulte have been proposed for the 



molecule, mz , those of Erlenmeyer, Bamberger" and Wilstatter and Waser** 
The first two, marked 3 and 2, have a symmetry D*^, the elements of 
symmetry being the three bmary axes C*', f and Cj, the three planes of 
symmetry, a,,', e,/, oh the last named bemg the plane of molecule, and a 
centre of symmetry », and an identity The following tables give the 
character table as well as the number of vibrations for symmetry Dj/i There 
are 8 modes of irreducible representation 


Type 

Charaoter table 

Number of 
vibrations 

Selection rules 

E 

t’a 


C,' 

% 

Oh 

aV 

Ov 

Ring 

Raman 

Raman 

Infra 


1 

1 

1 

1 

1 

1 

1 


6 

9 

pol 

Ml 

Aj 

1 

1 

“ 1 


1 


- 1 

- 1 

4 

8 

dep 

Ml 


1 

- 1 

1 

-1 

1 

- 1 

1 

- 1 

1 

B 

dep 

Ml 

B, 

1 

- I 

- 1 

1 

1 

- 1 

- 1 

1 

B 

B 

dep. 

%a 

A,' 

1 

1 

1 

1 

“ 1 

- 1 

- 1 

- 1 

B 

B 

/ 

/ 

A/ 

1 


- 1 

1 

- 1 

- 1 

1 

1 

B 

B 

/ 

a 

Bi' 

1 


1 


- 1 

1 

1 

- 1 

B 

8 

/ 

a 


1 

- 1 

- 1 

B 

- 1 

1 

-1 

1 

B 

B 

/ 

a 


18 

0 

2 

0 

B 

IS 1 

2 

B 

B 




ca 

48 

2 

0 

2 

B 

18 

B 

B 

B 

• 
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In the third case the symmetry is Cj,,, the elements of symmetry 
being Ct* (binary axis), a," the plane passing through this axis, and ah 
the plane of the molecule The number of vibrations is given in the 
following table 


Type 

Character table 

Number of vibrationM 

Selection rules 

K 

mn 

Oh 

Ov" 

1 

King Cl ft 

1 

Moleoulo 

C,.Hh 

Raman 

1 Infra red 

K\ 

1 

1 

1 

1 

9 

17 

pol 

a 

As 

1 

1 

- 1 

- 1 

4 

8 

dep 

ta 

B, 

1 

-1 

1 

- 1 

8 

14 

dep 

a 

B* 

1 

-1 

- 1 

1 

3 

0 

dep 

a 

«4l 

18 

0 

18 

0 1 

1 









1 > for molecule 



€b 

48 

2 

18 

1 

0 

j 





Kohlrausch** and Bonmo*’ have also discussed the symmetry of the 
naphthalene molecule According to the above calculation We should expect 
9 polarised and 15 depolarised lines for the molecule for symmetry Dt,i and 
17 polarised and 31 depolarised lines for symmetry C^j, In the present 
investigation 21 lines have been observed of which 9 are polarised and 12 
d^dlarised In the region 0—1200 belonging to the nng, we find 5 polansed 
and 0 depolarised lines, the number calculated for symmetry bemg 6 
polansed and 7 depolarised lines Further in the infra-red 17 hnes out of 
20 expected lines have been observed All the above facts are fully in 
agreement with the symmetry of the naphthalene molecule In this 
symmetry, the molecule has a centre of symmetry and, therefore, the fre- 
quenaes corresponding to infra-red absorption are forbidden in Raman 
^ect Infra-red spectra of naphthalene have been investigated by Stang*' 
and Le Comte** The infra-red and Raman hnes and their polarisation 
characters are shown in Table IX 

It IS clear from the table that the positions of infra-red and Raman hnes 
do not coincide, which fact is in accordance with symmetry Dt/i The polar¬ 
isation values of naphthalene lines such as 511, 764, 1024 are quite m agree¬ 
ment with the values found for these lines in other substances 
The line ‘1379 is very strong and highly polarised and so appears to be 
a breathing frequency of the molecule. 
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TabIiE IX 



Indene —Indene contains one benzene and one pentadiene nng 
The spectrum of indene closely resembles that of dihydronaphthalene The 
molecule is very unsymmetnc, and so nothing can be mfetred from polarisa¬ 
tion data 

Traas-fi-decalone .—^The spectrum (rf this substance agrees with that of 
decalmc, but all the frequencies are in general lowered However, there 
are some stnkmg differences in the spectra of the two substances The line 
at 376 which is weak and depolarised in decahne appears strong and pdansed 
in decalone, and the strong line at 191 m decalme is replaced by two weak 
hnes one polarised and another depolarised in decalone The S (C—H) 
vibration in decalone shows three shifts 1417, 1441, 1447 which agree with 
those observed in cyclohexanone in the same region The C » O shift in 
decalone has the same shift and depolarisation as in cyclohexanone 

Finally the author desires to express his grateful thanks to Professor Sir 
C V Raman for his kind interest and hdpful gmdance blanks are also due 
to Dr C S Venkateswaran for helpful discussion and to Dr M A. G Rau 
for the loan of chemicals 


Summary 

The Raman spectra of naphthalene, decalme, tetralin, mdene, trans-fi-^ 
decalone and frans-jS-decalol have been studied, the last two for the first 
time Polarisation measurements have also been made m the case of all 
these compounds excepting trans-fi-decaJol The molecular structures of de- 
caline, tetralin and naphthalene have been studied in the li^^t of polan8atio& 
data and the symmetries of the molecules The results mdicate a pudeeted 
structure for tetrahn, and a centro-symmetric structure fox nftphthalene. 
In decalme the cts and irans hues have been sqiarated, the observed 
polarisation charactenstics of these forms agree with the giotq> theory t^ult4« 
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The determination of the values of p for all these substances has been 
made for the first time, and the results are given m Tables I-VI 


Tabi£ I 
Decahne 


No 

mm 

V 




B 

B 

B 


1 

4908 120 

20002 

1 

e-2936 

1 

so 

4525 93 

22089 

5 3 

t-849 

2 

4094^016 

20018 

2 

e-2020 

26 

4514*90 

22142 

1« 

is 

3 

4978*48 

20083 

2 

<s-2856 










27 

4505*85 

22187 

5 3 

c-751 

4 

4651*19 

21495 

66 

f*^1441 \ 








21S03 

0 

^fr'1451 ) 

28 

4503 83 

22197 

53 

c~741 

5 

4638*02 

21555 


7^1443 

29 

4402 0 

22255 

1 

<^-6831 
/-741 i 

0 

4632*73 

2H79 


e>1350 










SO 

4474 45 

22343 

5 

c-605 

7 

4630 27 

21591 


e^l347 

31 

4464 10 

22305 

1 

c-643 1 

8 


21639 


/-1355 





/-696J 

9 

4612 45 

21664 

B 

e-l274 

32 

4453 09 

22447 

0 

<v-491 


4610 49 

21684 


e-l254 

33 

4444 70 

2S4fi2 

1 

<-446) 

/-401i 

11 

4«08*1S 

21695 

0 

^-*1243 










34 

4436 8 

22532 

0 

<-406 

12 

400S so 

21707 

0 

1-1231 

35 

4430*85 

2256:< 

1 

e-375 

13 

4591*56 

21773 

10 iib 

M106 1 
t-2032; 

36 

4425 64 

22589 

1 

e-349 

14 

4587 44 

21793 

10 e 

«!-1I45) 
ih-2012 i 

37 

4416 0 

22044 

0 

m-2048) 
e-294 ] 





38 

4393 2 

22767 

0 

e-180 

15 

4582 76 

21815 

2 

e-U25l 

il-2890j 

30 

4387 6 

22785 

0 

e-153 

16 

4675*48 

21850 

(1) 

e-lOSB \ 
/-1145| 

40 

4298 14 

23259 

i« 

M446 





41 

4282*41 

23345 

3 

4-1300 

17 

4573*71 

21858 

lOfr 

e-1080l 

4^2847/ 

42 

4280*67 

23355 

1 

M350 

18 

-4568*66 

711882 


fr-1056 

43 

4266*34 

1 

23433 

2 

4-1272 

19 

4666*60 

21892 

H 

e-1046 

44 

4262*98 

23451 

2 

i(^-1254 

M' 

4667*11 

21928 


e-1015 

45 

4260*95 

23463 

1 

ib-1242 

21 

4868*89 

21951 

B 

«-967 

46 

4258*88 

23478 

1 

M232 

28 

4542»60 

22008 


e-820 

47 

4245 93 

23545 

2 

MlOO 

» 

4Ma<n 


1 

^8-2655 

46 

4242*89 

23562 

1 

ib-n43 

u 

tai>4 


Hi 

e-876 

49 

4239*5 

23581 

0 

k-im 
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Table I — (Ctmtd). 


No 

B 

D 

I 


■ 

B 

B 

Ijn 

Aflwgnment 

50 

4232 86 

23018 

0 

i-'1087 

64 

4146*64 

24100 

5 

ib-^06 

51 

4331 24 

23027 

0 

Z-1078 

65 

4139 05 

24154 



52 

4227 44 

23648 

4 a 

6-1057 

66 

4128 80 

24213 


^402 

53 

4225 50 

23«'>8 

4 a 

i;"1047[ 

67 

4114 21 

24200 

6 

iM06 





f*849 ; 

68 

4100*80 

24326 

0 

£-376 

54 

4210 34 

23004 

Id 

i!-ion 

60 

4104*10 

24350 

2 

it^346 

55 

4215 28 

23710 

1 b 

ib-080 




band 


56 

4211*44 

23738 

16 

6-007 

70 

4101'69 

24374 

2 










band 


57 

4206 0 

23770 

0 

i-035 




and line 


58 

4104 83 

23832 

1 

it-873 

71 

4002*86 

24415 

4<6) 

£-200 

I >-2038 

59 

4100 49 

23857 

5 

6-848 

72 

4001*58 

24433 

ihd 

9-2029 

60 

4181*70 

23007 

m 

6-7081 

i-n605J 

73 

4087*03 

24455 

46d 

0-2855 

9-2036 

61 

4173*6 

23053 


6-752 










74 

4085*30 

24471 

iM 

^>-2088) 

62 

4171*67 

23065 

3 

6-740 





9-2920 I 

63 

4162 20 

24010 

0 

k-m) 

f-40l| 

75 

4074*8 

24534 

4M 

9-2854 


Ar 

160(0) 

180(0) 

204 (0) ? 

320 (0) 

347(0) 

376(1) 

406 (5) 

P 

« • 

1) 

P 

D 

D 

D 

*60 

aV 

446(1) 

401 (5) 

547(0) 

505 (3) 

684 (0) t 

740(3) 

761 (3) 

P 

P 

*43 

I) 

•40 

P? 

•46 

46 

Av 

708 (1) 

848 (4) 

875 (2) 

030(0) 

070(1) 

088(1) 

1012 (0) 

P 

P 

*46 

31 

D? 

D 

•70 

I) 

21? 

1046 (2) 

1056 (2) 

1070(1) 

1088 (1) 

1124(2) 

1144(0) 

1162 (2) 

p 

*75 

•76? 

P 

P 

P 

1) 

D 

Av 

1234 (0) 

1242 (0) 

1254 (2) 

1273 (2) 

1348 (6) 

1350 (6) 

1444 (6) 

P 

P 

D? 

•80 

*80 

•70 

•70 

•75 

SI? 

U61 (0) 

2665 (1] 

1 2855 (8] 

1 2800 (0) 2020 (8) 

2036 (8) 


p D . *46 *45 'SS 
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Tabus n. 
Tetralm 


No 

A 

V 

I 

Aasignmoiit 

No 

A 

r 

T 

AflHignment 

1 

Q02B 3 

10882 

1 

e-3066 

26 

4673 22 

21704 

5 

/-12011 
k 2919j 

2 

0023 2 

10002 

1 

e-3036 










27 

4581 02 

21821 

3« 

p-in? 

3 

6017*0 

10020 

1 

e-3013 

28 

4077 55 

21830 

2 

S-2860 

4 

4900 6 

10006 

2 

«-2042 

29 

4575 09 

21847 

2s 

<^1091 

6 

49g3>9 

20010 

1 

e^2010 

30 

4571 81 

21807 

0 

e 1071 ] 

6 

4084*6 

20033 


f-2006 





<s-2838j 

7 

4070*7 

20076 

1 

^ 2862 

31 

4064 82 

21000 


e-1038 

8 

4972 8 

20104 

0 

e>2a34 

32 

4506 13 

21042 


c-006 

9 

4686 0 

21334 

Os 

c-1604 

33 

4564 17 

21052 

] 

<>-986 1 
/-1038 / 

10 

4680 6 

21359 

2a 

M570 










34 

4043 31 

22004 

1 

e-934 ) 

11 

4668<9 

21303 

1 

/-1602 





g-1038 f 

12 

4663>3 

21438 

0 

e-1000 

30 

4036 64 

22036 

0 

c-002 

13 

4602 1 

21480 

1 

f 1440 

36 

4029 62 

22071 

0 

f-867 

14 

4648*0 

21506 

0 

e-1432 1 

37 

4019 77 

22II0 

1 

e-810 





%-mo f 

38 

4517 20 

22131 

1 

f-807 


4640 0 

21643 

0 

e-mo 

30 

4013 00 

22147 


«-789 


4636 8 

21060 

2 

e-13781 
/-1430 f 

40 

4008 08 

22176 

0 

e-762 

17 

4630*00 

21006 

2 

M3421 

41 

4004 12 

22106 

0 

e-742 





1-2010 f 

42 

4000 63 

22213 


e-726 

18 

4628*36 

21610 

Itf 

e-1328 

43 

4406 02 

22236 

0 

<s702 

10 

4622 32 

21628 

2« 

e-1310 

44 

4460 64 

22267 

I 

/-720 

20 

4618*60 

21646 

is 

M202} 









t-3057J 

40 

4483*00 

22300 

0 

g-720 

21 

4614*31 

21666 

2s 

M272 1 

46 

4471*07 

22357 


«-581 





iM034; 

47 

4465*72 

22386 

0 

e^2 

22 

4608*22 

21604 

0 

e-1248 

48 

4406*14 

22435 

2 

e-003 

23 

4606*66 

21702 

0 

«-1236 

40 

4446-32 

22484 

1 

e-4U 

24 

4600*06 

21737 

6 

e-1201 

00 

4441*80 

22607 

4 

e-431 

20 

4603*65 

21768 

■ 

4-1170 1 
0-20371 

61 

4432*0 

28087 

00 

m-aoao 
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Tabms II—(Co*itd) 


No 



I 

Alignment 

No 

B 

B 

I 

AMtgniiMiit 

62 

4436 6 

22547 

00 

m>3056 

80 

4218 95 

23700 

0 

5-1005 

63 

4414 *52 

22046 

0 

e-202 ) 
m-204f j 

81 

4214 52 

23721 

0 

L no^ 
w ' UU« 





82 

4205*50 

23772 

0 

5-034 

54 

4408*76 

22676 

5 

e-262 

83 

4201*81 

23792 

0 

5-913 

55 

4389 00 

22778 

8 

e-160 

84 

4191 06 

23842 

1 

*-863 

55 

4382 74 

22810 

3 

e-l22 

85 

4184*89 

23889 

1 

5-826 

67 

4367*68 

22882 

3 

1^-157 

86 

4182*78 

23901 

0 

5-804 

58 

4352*74 

23096 

2 

e-158 

87 

4180*01 

23917 

0 

5-788 

69 

4327 62 

23101 

8 

l:-1604 

88 

4175*42 

23943 

0 

5-762 

60 

4323*15 

23125 

3 

Jb>1580 

89 

4171*69 

23965 

0 

5-742 

61 

4308*86 

23201 

1 

i;-1604 

90 

4168*62 

23962 

10 

5-725 

62 

4307 20 

28210 

0 

t-l307 

91 

4164*42 

24006 

1 

5-701 

63 

4300*9 

23244 

0 

»-l272 

92 

4143 43 

24127 

4 

5-580 

64 

4298*37 

23258 

1 

*-1447 

93 

4140*18 

24147 

0 

*-664 

65 

4295 58 

23273 

5 

1^-1432 

94 

4190*68 

24203 

2 

1^2 

66 

4287*97 

23314 

0 

i^-1301 

95 

4128*77 

24213 

0 

5-402 

67 

4285*82 

23326 

1 

it-1379 

96 

4126*30 

24228 

0 

5-477 

68 

4281 16 

23358 

1 

ib-1347 

97 

4122*97 

24247 

3 

5-458 

69 

4278 10 

23375 

2 

i^-1330 ] 
e-437 t 

98 

4118*38 

24276 

3 

5-420 

70 

4270 22 

23411 

1 

k-lS9i 

99 

4115 06 

24296 

0 

5-409 1 
jp-8057/ 

71 

4266 67 

23431 

0 

5-1274 










100 

4111*99 

24812 

2 

5-303 

72 

4260*48 

23409 

0 

5-1236 

101 

4108 12 

24335 

2 

jH3018) 

73 

4257*80 

23460 


1-1036 





2-30581 

74 

4253*29 

23504 

6 

5-1201 

102 

4100*16 

24347 

2 

»-ite ) 

2^41} 

75 

4245 73 

23546 

(i) 

5-1159 









103 

4103*87 

24367 


a-2010 

76 

4237 35 

23503 


5-1112 




IB 


77 

4232*0 

23019 

0 

5-1086 

104 

4096*08 

24413 

|b 

5-202 \ 
IhBo/ 

78 

4229 19 

23639 

1 

5-1066 










105 

4089*1 

24446 


Ih267 \ 

79 

4223*95 

1 

23668 

10 

5-1037 ] 

j 




■ 











[ 
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TABI.S Tl^{ComA ) 


No 

B 

D 

81 

AMlgnmont 


B 

a 

n 

Aoaigoment 

loa 

4086*50 

r 

24403 

1 

0-2830) 

108 

4000*5 

24684 

2 

^121 




1 

^2010/ 






107 

4070'fi 

24547 

3 

^-158 

109 

4020*1 

24831 

0 

*-iir 


'Kv 

121 (3) 

100 (8) 

200 (5) 

430(4) 

450(1) 

503(2) 

553(0) 

680(4) 

P 

D 

•80 

•74 

•70 

D 

P 

P 

67 


701(0) 

726 (10) 

742 (0) 

702 (0) 

789 (0) 

805(0) 

819 (2) 

865(1) 

P 

P 

•51 

D 

P 

P 

B? 

B 

D 

S5 

002 (2) 

934(1) 

988 (1) 

1037 (10) 

1068 (2) 

1088(1) 

1117(1) 


P 

P 

P 

1> 

46 

X> 

Pf 

P 


av 

1106 (2) 

1201 (6) 

1236 (0) 

1273 (1) 

1293 (2) 

1310 (1) 

1328(1) 


P 

D 

•48 

D 

D 

•61 


P 


"Sv 

1342 (2) 

1381 (2) 

1393 (0) 

1432 (5) 

1448 (2) 

1502 (0) 

1579(2) 


P 

P 

P 

$ • 

*80 

n 

B 

B 


Ev 

1604 (4) 

2830 (3) 

2862 (3) 

2905 (2) 

2919(4) 

2942 (0) 



P 

*81 

P 

P 


B 

•71 



av 

3013 (1) 

3030(4) 

3056 (4) 






P 


P 

P 
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TABt« III 
Indent 


No. 

g 

ra 

B 

Awignment 

No 

B 

ra 

■ 

Aangnment 

1 

G043 0 

10824 

0 

e-3ll4 

26 

B9|| 


1 

€-065 ) 
/-1022 ; 

2 

6032 2 

10863 

1 

f *3075 










27 

4545 54 


3€ 

e-045 

3 

6028 0 

10883 

1 

e-3055 

26 

4541 04 


1 

€-022 

4 

4003 6 

20028 

(0) 

e-2010 

20 

4628 61 


20 

€-862 

5 

4008*6 

20048 

1 

e-28M 

30 

4522 11 

22107 

3a 

€-831 

G 

4060*6 

20153 

0 

f-2785 

31 

4514*07 

22147 


/-860 

7 

4687 3 

21328 

10 « 

e>1610 










32 

4508*76 

22173 

1 

€-765] 

6 

4682 0 

21348 

3« 

e-1590 





/-83M 

0 

4674 8 

21385 

10 6r 

0-1553] 
/-1610 1 

33 

4501*66 

22200 

6€ 

€-730 





34 

4512 6 

22263 

1 

€-675) 

10 

4062*6 

21442 

3 

C-U96) 
f-im f 





/-7321 





35 

4473*61 

22347 

6 

e-«31 

11 

4654 02 

21482 

6 

0-1456 

36 

4461 96 

22405 

5€ 

€41331 

12 

4040*7 

21542 

3 

^1396 1 
/-US3 J 





f-mi 





37 

4454*4 

22443 

0 

€-480 

13 

4033 2 

21677 

6# 

e-136l 

38 

4440 0 

22465 

(1) 

/-533) 

U 

4628 07 

21602 

1 

«-1336 




€-473 f 

16 

4622*03 


^db 

/-13661 

30 

4440*0 

22616 

1 

€-422 





e-1308 > 
fc-3075j 

40 

4431*85 

22657 

2 

e-381 

16 

4618 1 

21648 

3 6r 

e-1200 ) 
fr-3057f 

' j 

41 

4420 0 

SS618 

■ 

€-320 

17 

4615*30 

21661 

4 6i} 

€-1277 ] 
5-9044 1 

42 

4408*3 

22670 

ra 

m-2914 





43 

4307 2 

22736 

3 

e-203 

10 

4604 8 

21710 

3« 

€-1227 

44 

4388*67 

22700 


/-205 

10 

4600*22 

21732 

6 

e-1206 










46 

4328 36 

23007 


5-1608 

20 

4687*87 

21700 

1 

€-1148) 

/-1206| 

40 

4324*82 

28116 

H 

5-1580 

21 

4502*47 

21816 

2 

5-2890 

47 

4317*72 

23154 

6 

5-1551 

22 

4670*00 

21831 


€-1107 

48 

4307*0 

23211 

0 

5-1404 

28 

4571*04 

21866 

4« 

e-1072 

40 

4300*19 

28848 

4 

5-1457 

24 

4561*33 

81017 


fr.1021 

D 

4288 28 

23313 

4 

5-1392 

25 

4564*50 

210SO 

(00) 

e-088 

L 

4202*4 

28345 

i 

5-1860 
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Tabi,® III— {Contd) 


No 

B 

B 

B 

Asfligmnent 


B 

B 

B 

Assignment 

52 

4272 5 

23308 

1 

ife-1307 

67 

4175 67 

23942 

■ 

*-703 

53 

4200 0 

23418 

(0) 

i-1287 

68 

4173*00 

23053 


*-752 

54 

4207 0 

23420 

1 

4^1270 

60 

4ie»>66 

23070 


*-720 

55 

4267 68 

23480 

2 

l!-1225 

70 

4145 87 

24114 

3 

*-501 

50 

4253*80 

23502 

0 V 

Jt-ms 

71 

4141 0 

24142 

(0) 

e-IM 

57 

4245 0 

23655 

0 

jt-1130 

72 

4135 54 

24174 

3 

*^71 ) 
0-3075) 

58 

4237 63 

23590 

3 

*--1106* 










73 

4128 0 

24218 

1 

*-487 

50 

422Q<41 

23037 

(2) 

fc-ioas* 

74 

4125 61 

24243 

1 

*-467 

00 

4220 62 

1 

23087 

BB 

it 1018 

75 

4117*57 

24279 

2 

*-426 1 

61 

4215 2 

23718 







;i-3076 J 


4211*5 

23738 

mSm 


76 

4110 44 

24322 

2d 

*-383 ) 
;>-3037f 

63 

4207 0 

23760 



77 

4100 7 

24379 

D 

*-326 

04 

4203*0 

23786 


*-010 

78 

4095 98 

24407 

B 

0-2885 

65 

4102 58 

23845 

1 

*-860 

70 

4090 41 

24441 

2 

*-264 ) 

60 

4187 56 

23874 


*-831* 




band 

7-2940 r) 


* Shows & doublet structure lu the hues 


^1* 

203 <3) 

320(0) 

381 (2) 

422 (1) 

470(0) 

489 (0) 

532 (6) 

p 

-67 

9 m 

*69 

P 

• 


*60 


501(6) 

675 (0) 

729(6) 

764(1) 

831 (3) 

861 (2) 

031 (1) 

P 

•76 


*51 

P 

50 

P 

P 


945(2) 

965(0) 

987(0) 

1019 (6) 

1070 (4) 

1100 (4) 


P 

*69 



*45 

*61 

70 


"Sv 

1204 (8) 

1227 (3) 

1276(2) 

1288 (1) 

1307 (1) 

1336 (1) 


P 

59 

P 

*59 

P 

P 

P 


Sr 

1800 (6) 

1394 (3) 

1456 (6) 

1495 (0) 

1552 (8) 

1589 (2) 


P 

*08 

P 

*68 

e 

*62 

P 


ar 

1699(8) 

2785 (1) 

2890 (2) 

2910 (3) 

3055 (3) 

3075 (1) 

3U4 (1) 

P 

«68 


•65 

*66 

*60 

« 

• • 
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TABUt IV. 


*txaxis-P-Decalone 



n 

n 

Dl 

Awignmant 

Ko 

Dl 

m 

1 


\ 

4998«6 

10990 

6 6r 

e.2048 

29 

4403<10 

22266 

1 

/-7M» 










0-883; 

2 

4904 29 

20011 

2 

e-3027 

30 

4466 0 

22386 

1 

0-658 

3 

4974 84 

20095 

Obr 

e-2842 

31 

4468*6 

22423 

1 

0-515 

4 

4710 62 

21228 

46r 

€^1710 

32 

4452*83 

22462 

2 

0-486 

D 

4680 10 

21361 

(00) 

e-1577 T 

33 

4443*10 

22600 

m 

0-438 

6 

4652 01 

21400 

0) 


34 

4436*21 

22641 


0-307 

7 

4650 43 

2)497 

4 or 

e-1441 

36 

4420*91 

22667 


0-371 

B 

4640 10 

21522 

0 

e-1416 

36 

4418 70 

22625 

M 

/-371 

9 

4638 00 

21662 

0 

e 1386 










37 

4400*9 

22670 

1 

0-268 ) 

10 

4634 34 

21574 

5 

e-13641 





m-2927; 





»-2948l 

38 

4402*7 

22707 


0-2S11 

11 

4624*50 

21618 

0 

fr-1320 

39 

4393 0 

22767 

1 

0-181 

12 

4610 29 

21640 

0 

/>1859 

40 

4383*6 

22807 


0-1709 

13 

4000 6S 

21688 

4 6r 

6-^1250 

41 

4326*0 

23116 

M 

M585 

14 

4602 94 

21719 

2 

e-1219 

42 

4298*2 

23200 

1 

^-1448 

16 

4004 >07 

21761 

Sbd 

e-1177 [ 
jb-2944; 

43 

4297*07 

23206 

2 

2^1440 

16 

4501 73 

21772 

4 

e-1166) 
ib-2933; 

44 

4298*0 

23287 

n 

i^-141S 

17 

4684 27 

21808 

6 

0-1130 

45 

4287*3 

23318 


2-1887 

18 

4672 47 

21864 

8 5r 

e-1071) 

46 

4282 69 

28346 


2-1860 





Jfc-284i; 

47 

4274*6 

28888 

9 

2-1817 

19 

4667‘OO 

21886 

1 

0-1052 

48 

4262*29 

28466 

H 

2-1260 

20 

4663 48 

21907 

0 

a-lOSl 

49 

4266*06 

28489 

M 

2-1216 

21 

4060 08 

21069 

1 

a<960 

H 

4249*00 


M 

2-1160 

22 

4646*60 

21989 

0 

0-949 

61 

4247*4 

28687 

i 

2-U68 

23 

4030 20 

22024 

1 

e-914 

62 

4240*49 

23576 

4 

2-1120 

24 

4627’OO 

22080 

1 

0-868 

68 

4229*67 

28688 

2 


25 

4028 31 

22102 

1 

0-836 

54 

4226 95 

22855 

2 

2-1050 

26 

4614 >60 

22144 

0 

0-794 

55 

4122*03 

28879 

0 

i>-10l6 

27 

4610<6 

22104 

1 

0-770 

66 

4278*4 

mmb 

0 

2-780 

28 

460S>84 

22199 

0 

0-789 
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Tabw IV—{Conti) 


No. 

B 

5 

B 

Aaaignment 

No 

B 

B 

I 

AMignmant 

57 

4211*42 

23738 

1 

ib-967 

67 

4132 06 

24194 

1 

5-515 

58 

4S07*S0 

23758 

1 

ifc-947 

68 

4127*05 

24224 

1 

5-481 

59 

4203*8 

23781 

m 

1^916 

11 

4119*55 

24269 

0 

5-436 

m 

4191*44 

23851 

B 

ib<854 

70 

4112 56 

24310 

2 

5-395 

61 

4188*45 

23870 

1 

5-835 

71 

4100 8 

24330 

4 6r 

5-373 ) 
0-2962) 

62 

4180*50 

83914 


5-791 










72 

4002 0 

24431 

10 br 

5-274 I 

63 

4176*91 

23934 

1 

5-771 





p 2923J 

64 

4171*41 

23965 

|B 

5-740 

73 

4085*7 

24460 

10 

5-237 1 









band 

9-2920) 

65 

4143 42 

24128 


5-677 










74 

4077*8 

24521 

8 6r 

5-184 ) 

66 

4139*30 

24152 

1 

5^ 

1 





p-2842; 


[br s broad, bd bioad and diffuse ] 


At* 

182 (1) 

270 (1) 

372 (4) 

396 (2) 

437 (0) 

483 (2) 

515 (2) 

P 

•54 

P 

*56 

*62 

P 

45 

•65 

AV 

553(1) 

660(1) 

730(6) 

770 (0) 

792 (1) 

831 (1) 

856 (1) 

P 

D 

P 

*54 

D 

P 

•50 


Zv 

915(1) 

948(0) 

968 (2) 

1028 (0) 

1051 (1) 

1070 (2) 

1129 (6) 

P 

*80 

D 

•71 


P 

P 

63 

A? 

1167 (2) 

1178 (2) 

1217 (2) 

1250 (4) 

1318 (0) 

1302 (6) 

1386 (0) 

P 

D 

D 

•81 

82 

» 

74 

D 

a5 

1417 (0) 

1441 (6) 

1447 (0) 

1710(4 6) 

2842 (8) 

2930 (2) 

2046 (2) 


D 

*81 


•61 

•47 

*57 

67 
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Tabi;b V 

Trans-P-DeceM (Sohd) 


No 

A 

V 

I 

Awignmeni 

1 

4223«57 

23670 

0 

k-ymti 

2 

4241 27 

23571 

0 


3 

4262 30 

23455 

1 

1^1260 

4 

4279 60 

23360 

1 

*-1345 

0 

4296 82 

23266 

1 

*-1439 1 
t-1250 ) 

n 

4309*670 

23198 

0 

*-1507 

7 

4570 07 

21873 

6 

*-2832 

8 

4580 26 

21827 

(3) 

*-2878 

0 

4588*41 

21787 

6 

*-2918 

1 

10 

4611 3 

21080 

0 

^2830 

11 

4620 1 

21597 

0 

»-2919 


^ 1035 (0), 1134 (0), 1250 (1), 1345 (I), 1430 (1). 1507 (0), 2834 (6), 2873 (3), 2918 (8) 
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Table VI 


Naphthalene 


No, 

g 

m 

B 

Afldgnment 

No 

B 

B 

I 

Assignment 

1 

6020 44 

10877 

(4) 

,-3061 

23 

4304 88 

22747 

(l)4r 

€-101 

2 

4679 86 

21362 

(6) 

€-1578 

24 

2322*59 

43128 

W 

*-1577 

3 

4660 12 

21411 

0) 

€-1527 T 

25 

4320 57 

23139 

(8) 

t-1377 

4 

4666 89 

21458 

(2) 

^-3247) 

26 

4314 65 

2317D 

(0) 

*-1535 





1-3058] 











27 

4301 07 

23244 

(3) 

*-1461 

5 

4654*71 

21478 

(4) 

e-1460 











28 

4295 74 

23272 

(1) 

*^1433 

6 

4650*06 

21406 

(2) 

e-1443 











29 

4280 03 

23309 

(0) 

*^1396 

7 

4044*49 

21626 

(0) 

€-1413 r 











30 

4285*54 

23328 

(15) 

*-1377 

8 

4636 90 

21560 

(15) 

e-l378 











31 

4276 5 

23381 

(0) 

£-1324 

9 

4625 02 

21611 

(2) 

€-1327 \ 










/-13781 

32 

4263 12 

23450 

(2) 

£-1256 

10 

4618 90 

21644 

(S) 

ik-3061 

33 

4260 21 

23407 

(1) 

*-1278 

11 

4614>67 

21680 

(8) 

e-1268 

34 

4255 0 

23495 

(0) 

*-1210 

12 

4607 29 

21690 

(1) 

f-1239 

35 

4243 09 

23561 

(8) 

*-1144 

13 1 

4601 2 

21736 

(0) 

e-1203 

30 

4221 60 

23081 

(4) 

*-1024 

14 

4586 04 

21799 

(8) 

€-1139 

37 

4208 39 

23755 

(1) 

*-945 

10 

4562 05 

21014 

(«) 

e-1024 

38 

4177*24 

23032 

(1) 

*-773 

16 

4544*23 

22000 

(8) 

e-938 

39 

4174 71 

23046 

(«) 

*-750 

17 

4500 76 

22168 

(1) 

€r-770 

40 

4160 42 

23977 

(*) 

*-728 

18 

4607*50 

22178 

(«) 

€-760 

41 

4165 33 

24001 

(i) 

1^11 

10 

4500*09 

22212 

(!) 

€-726 

42 

4138*06 

24154 

(i) 

i>-3244 

20 

4457*67 

22427 

(6) 

e^ll 

43 

4131*80 

24105 

(«) 

*-510 

21 

4446 46 

22484 

1 

(0) 

/-^ll 

44 

4124*30 

24239 

(i) 

O-3054 

22 

4434*00 

22542 

(1) 

€-396 ) 

45 

4114 92 

24305 

(1) 

*-400 ) 





m-3000; 





p-3050/ 


Av 

IM (1) 

307 (I) 

511 (6) 

727 (1) 

760 (0) 

772(1) 

P 

D 

B 

•65 

D 

*60 

P 

Z? 

941 (2) 

1024 (5) 

1142 (2) 

1206(0) 

1280 (1) 

1258 (2) 

P 

P 

•55 

*77 

I) 

B 

•77 


1328 (1) 

1378 (15) 

1406 7 

1438 (2) 

1460(4) 


P 

z; 

p 

P 

1630(0) 

D 

•34 

71676(5} 

•82 

• 

8058(4) 

•50 

B 

8244(2) 

B 

•84 
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1 Normal Modes 

The model^ assumed for sulphur molecule is that of a puckered octagon 
made up of two equal squares one turned through 46** with respect to the 
other The planes of the two squares are paralld but not coinadent The 
atoms in the molecule occupy the comers of the puckered octagon l^et 
these atoms be denoted by the numbers 1, 2, 3, 4, 5, 6, 7, 8 as shown in 
Fig 1 The valence bonds are along (16), (26), (26), (36), (37), (47), (48), 
(81) Ivct XYZ be three rectangular axes through the centre of gravity of 
the molecule X-axis is parallel to (86), Y-axis is parallel to (76) and Z-axis 
IS perpendicular to the planes of the two squares Let 2 a be the side of a 
square and 2 c be the distance between the two squares The co-ordinates 
of the atoms, when referred to the above set of axes can be given m terms of 
a and c 

5 



7 


Fie. 1 

In detennimng the potential energy and the kinetic energy of the mole- 
cale in any mode of oscillation, it will however be found usdul to express the 

* WsrrcS, B. B., sod Burwell, J T, Jour. Chem Pkyt, 1935,3, 6 
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co-ordinates of any atom referred to its equihbnum position as the origin 
Accordingly the 24 co-ordinates q are shown in Fi^ 1 \„ y„ z, are the 

co-ordinates of the ith atom with its equihbnum position as the ongin 
X, points towards the centre of the square in which the »th atom is situated 
and z, IS measured peqiendu ular to the plane of the square and is taken 
positively on the side opposite to the centre of gravity of the molecule 
We assume that the vibrations of the molecule are of small amphtude com¬ 
pared to the inter-atomic distances Accordingly the kinetic and potential 
energies are of tlie form 

2 T =S m, q,^ and 2 V ~Ea,,q, q, ( 1 ) 

Expressions ( 1 ) can be simultaneously reduced to the form 

2 T - r and 2 V -- T Q/*. ( 2 ) 

where Q’s are linear combinations of the above q\ The former are called 
the normal co-ordinates and each y corresponds to a uonnal mode The A’s in 
the expression ( 2 ) arc related to the normal frequencies by the equation 

A^ = 4 TT* (3) 

If the coefficient A of any normal co-ordinate y is distinct from the 
other A’s the corresponding normal mode is non-degenerate On the other 
hand, if two or more Q’s have the same coefficient, the corrt*sponding modes 
are degenerate and the degree of degeneracy is equal to the number of Q’s 
which have the same coefficient A 

l‘'ollowing Wigner® and Tisza,® Wilson* obtained the normal modes of 
vibrations of benzene by group theoretical methods In the present |)a|)er 
we apply the same method to sulphur 

The symmetry operations of the model assumed for sulphur fall into 

seven classes Ej the identity (A| =■ 1 ), vS' rotation reflection by ± ^ about 

the fourfold axis of rotation (A* ■= 2 ), C* rotation by i * about the fourfold 

3jr 

axis (As — 2 ), S® rotation reflection bv 1 ^ about the fourfold axis (A 4 = 2), 

C* rotation by n about the fourfold axis (Aj -= 1 ), tj„ reflection in a plane 
perpendicular to the planes of the squares and containing a diagonal of one 
of tlie squares (A, ==■ 4), C* rotation by ir about an axis through the centre 
of gravity of the molecule and passing through the middle points of two 
opposite valcnaes sucli as (15) and (37) (A^ ~ 4) 

® CbUmger Nachnehleu, 1930, 133. 

» Z f Phys„ 1933, 82, 48 

* Phyt. Rtv., 1934, 4S, 706. 
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Tlicsc operations fonn the group which may be given as a group of 
permutations on the 8 symbols 1, 2, 3, 4, 5. 6.7,8 The of this 

group are 

E 

(16263748) (14) (32) (76) (6) (8) 

(18478626) (24) (68) (76) (1) (3) 

(1234) (6678) (13) (65) (78) (2) (4) 

(1432) (6876) (27) (36) (18) (46) 

(16463827) (37) (28) (46 (15) 

(17283646) (38) (47) (26) (16) 

(13) (24) (67) (68) (26) (17) (36) (48) 

(21) (34) (68) (7) (6) 

The above representation of the group is useful to obtain the normal co-ordi¬ 
nates but is not convenient for obtaining the conjugate classes of the group 
By adopting the abstract form 

P« = E, 0* - E, P Q = Q P-» 

the conjugate classes and the multiphcation table of the conjugate classes 
may be written out The character table given below is deduced there¬ 
from by the usual methods * 

Character Table and Sdectton Rule^ 



* mils eltaraeter table ouy aUo be obtained directly from the work of Tina In a 
pnlialiWT ebamunkatioo to the Physual Rtvttw, the wieetton rale* and the number of 
mnta Itaiaa tube ecpei^ for this nn>leeaie hare been reported by one of ns. (PAyr. Rev., 

A4 
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In the above table P stands for a polarized Raman Ime, D stands for a 
depolanzed Raman line and / stands for a forbidden line M denotes the 
electric moment h, is the number of the symmetry (^rations under the 
classy and x>'is the character of the operation under the class j m respect 
of the original set of co-ordinates is the character obtained after 

allowing for pure rotation and translation We have the f<dlowing relation¬ 
ships 

Xt' = Ur (1 +2 cos 

0,' " (Ur 

and X/ = — Ur (— 1 +2 cos ^r) for operations R involvit^ rotation 

reflection 


^)^(^°^2^cos <f> operations R involving a pure rotation. 


Ur denotes the number of invariant atoms and ^ is the angle of rotation for 
the operation R The number of modes n, under the representation t is 
obtained with the help of the relation 

~ N f" ^ ^ 

N is the order of the group and is 16 m this case X, is the character of any 
operation under the class j in respect of the normal co-ordmates The above 
relation includes pure rotations and translations These may easily be 
excluded if we use alternatively 

It now follows from the table that the normal modes under the vanous 
representations are given by 

2 Aj Af "4 2 Bj -}- Bg *1“ 3 Rj -t- 3 Rg -f- 3 Rg 
The coeffiaent of each letter denotes the number of modes coming under 
that representation If pure rotations and translations are ehminated, we get 
2 Aj -f" Bj -f- Bg 2 Rg "f* 3 Rg -f- 2 Rg 
It therefore follows that lE we use the normal co-ordinates, the determinant 
will spht up into two linear factors (Bg, Bg) 5 quadratic factors of which two 
pairs are equal [Ag, Rg (2), Eg (2)] and 2 equal cubic factors [R, (2)] The 
selection rules in respect of the modes coming under each representation are 
also given in the above table for both Raman and mfra-red spectra These 
are obtained from Tisza and Wigner We may now see that the Raman 
spectrum of molecular sulphur should be expected to contain two strong and 
well polarized hues and five depolanzed hnes None of these will be repre¬ 
sented in the infra-red absorption These conclusions are not affected by 
the type of forces that we may postulate later It may be noted here that 
a complete lack of correlation between Raman and infra-red spectra usually 
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anses in the cases of molecules having a centre of inversion as one of the 
elements of symmetry The case of sulphur comes apparently under this 
type although it does not possess a centre of inversion 

2 Normal Co-ordtnates 

From the general theory of Wilson and Tisza, it is seen that every normal 
co-ordinate is associated with an irreducible representation of the group 
The non-degenerate normal co-ordinates correspond to the irreducible repre¬ 
sentations of degree one (i e , the irreducible representations in which the 
identity element has character one) and they can be obtained immediately 
from the character table We take the most general linear expression for 
Q in the 24 co-ordinates a,, y,, z, and if R is an operation of the group, 
RQ = AQ where A is the character corresponding to the operation R 
These relations in general determine Q P'or example, if 

Q = £ a,x, + S b,y, + Z c,z, 

i=l <B!l 4=1 

js the normal co-ordmate corresponding to Ai, it follows that 

and similar expressions m b*s and c's by C*, 

«i = « 6 . = 65 , Cl = c, by C, 

and = «i, bi — 6 a. •^v 

Hence it follows that the most general linear expression which corresponds 
to Ai IS 

Q = «1 (Afi -f a:, -) Xf -{ Xi+Xt f At* + Xa + X*) 

+ Cl («i +z» +Za +Zi +Zt +Z, +z^ + X*) 

The normal co-ordinates Q.,., Qy, Q,, Q^,,, Qw,, which correspond 
respectively to translations and rotations of the molecule as a whole can be 
obtained directly For the determmatipn of the normal co-ordinates of 
degeneracy r, we take r linear expressions Q 1 , Q*, ■ ■ Qr m the co-ordinates 
If R IS a group operation, we have 

RQ* — ^ 1 * Qi + Q« + * • * + Q/ (A = 1, 2, r) 

Using the fact that 27 A,i^ is equal to the character of the group clement R, 
we obtain certain relations which with the orthoganahty relations between 
the coefficients of transformations (namely the sum of the product of co- 
^dents of like terms in the expressions for two different normal co-ordi¬ 
nates is zero and the sum of the squares of the coeffiaents is unity for any 
normal cqrordinate) are in general sufficient to find a set of normal co-ordi¬ 
nates. For example, it follows from the character table that the normal 
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co-ordinates corresponding to E| will be of the form 

«i (*i + *s - ~ * 4 ) + «* (*» + *7 — *• — + similar expres¬ 

sions in j/’s and 2 ’s 

Similarly those corresponding to Bi and £3 wiU be of the form 

«i {Xi - X,) -f a, (x, - * 4 ) + a, {xt - x,) + a. {x, - jr,) + similar 
expressions in y’s and r’s 

We find the degenerate Q's now by nsii^ the orthoganahty rdations. It 
may be noted that the set of 24 normal co-ordmates thus obtained is not 
unique but it is always possible to obtain at least one such set 

The following Q's wherever they belong to a hnear factor of the secular 
equation are the normal co-ordinates In other cases they are functions 
which must be combined with one or more others in order to obtain the normal 
co-ordinates Q,. Q 4 indicate the normal co-ordinates with frequencies 
vt and V 4 , Q}', Q,' connected by a parenthesis indicate that two normal co¬ 
ordinates are obtained by forming two mdqiendent combinations of these 
with co-efficients which depend on the force constants The correspondmg 
frequencies O] and V 3 come under the dass A| Wherever the Q's with 
dashes are connected by a parenthesis, similar combinations have to be 
formed in order to obtain the normal co-ordinates Q,^, mdicate two 
normal co-ordinates with the same frequency V| Wherever Q’s with sufiSxes 
a and b occur, a degeneracy is implied 

a, =* (*i - *,) - (Xj - *4) - V2 (*, - *a) + iyi -y») + 

{yt -J'*) + V2(yi -y,) 

Qy = - (xi - *1) - (*i “ *4) ~ V2 (*, - X,) + (yi -y,) - 
(y, - vSCy* -y,) 

Q, +*i+* 4 -*«• ~*7 • • • • B, 



Qw, =“ c [*i - X,) + (X, - X 4 ) - V2 (X, - Xf) - (yi -y,) + " 

(^ 1 -^ 4 ) - V2 (y.-yJ 

+ a [ 1/3 (Si - * 4 ) + V3 (S 3 - * 4 ) - 2 («i - *t)] ♦ 

Qft»» = c [(*1 - * 3 ) - (*3 - * 4 ) + V2 (x, -x^ + (yi -y,) + 
(y3*-y4)- V2'(yi-yr) + «[ v2 {xi-z,) - V2(sb-■* 4 ) 
+ 2 (s, — s,)] • • • • 


-R3(2) 


Qo»t 

-yi 

+ y3 

+ ^3 

+ ^4 

+yt 

+ ^4 

+yT +y3 

Qi' 


+ *3 

+ *3 

+ *4 

+ *4 

+ *3 

+ *7 + *3 

q; 


+ *3 

+ *3 

+ *4 

+ *• 

+ *3 

+ *7 + *3 

Qs 

-*i 

+ *3 

+ X, 

+ *4 

-x, 


— Xf — a* 

Qi 

-yi 

+y» 

+yi 

+yi 

-y» 

“*y. 

-^7 -ys 
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Q'ta = «[(*1 - * 8 ) - (*1 -_*«) - V 2 (*« - *,) ~{yx-yii- 'i 
-yt) — v§ (yt - 3^,)] + C [ - V2 (*1 - z,) + 

+ V2 (z, - 2:4) + 2 (2, — *,)] 

Q 4 fl = c [(*1 *j) [Xf *4) V2 (*i *j) — (yi — yi) — 

O'; ->'4) - V 2 0'8 -y^yi + « [ ^2 Oi - *») - 

V 2 (Zt -Zt) - 2 (2, - 2,)] 

Q'»4 = «[(*1 - X,) + (*, - *4) 4- V2 (*, - *,) + O'! ~y») - 

{yt -yt) - V'2 O'e -y*)] +c[-V2 {Zi - 2.) - 
V 2 (2, - 24) - 2 (2,- 2,)] 

Q 4i = c [(*1 — *s) + 0 * ~ *4) 4 V 2 {*4 — *7) + (yi —jfj) — 

O'i - >'4) - V 2 0 's - >'»)] 4 - a [ V 2 ( 2 i - 2,) 4 - V2 (2,- 24) 

+ 2 (24 - 27)] - f 


-2E4(2) 


Q M == *1 4 - AT, - *4 - *4 + *8 + 27 - 2, ~ 2, 

Q'm = *4 4 - *7 - *4 - *4 - 2j ~ i, 4 - 2, 4 24 

Q w =3'i +>'8 -yt -yt +yt ^yi +yt -y» 

Q'ti — Xf 4 2^7 Xf *8 4 2i 4 24 — 24 24 

Q'u = *1 4 *8 - *8 - *4 - *7 4 2, 4 24 

Q's* =^1 4>'8 -^8 -yt -yt -yi +yt +yt 


Q'loa = (*i - * 8 ) - (*8 - *4) + V2 (*, - *4) - O'! -yt) - 
ba -^4) + V 2 (y 4 ->7) 

Q'lw = « [(*1 ~ * 8 ) “ (*8 - *4) 4 V 2 (*4 - *4) 4 (yx -yt) + 
(yt -yt) - V2(>'4 -^7)3 4 c [- V2 (24 -24) 4 
V2 (24 - 24) - 2 (2, - 24)] 

Q'»«« * - *8) + {*t - *t) - v'2 (2, - 27) 4 {yx -yt) - 

(>t-J'a) + V'2 0'8-J's) 

Q'n* = « [(*1 “ * t ) + {*t - *4) - V 2 (2, - 27) - O'! -> 8 ) + 
O'! -yl) - v'2 (j', ->'4)] 4 c [ - V2 (2i - 24) - 
v '2 (24 “ *4) 42 (24 — 24)] 


Each of the above equations should be multiphed by the reaprocal of the 
sum ot the squares of the coefficients of q's occumng in that equation. 


3 Modes of OsctUahon 

All the seventeen inodes of osallation are diagratninatically represented 
below Those corresponding to pure rotations and translations may easily 
be identified 
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4 Potenhal Energy Function 

We will now form the potential energy function in terms of three types 
of forces, namely, the pnmary valence forces, the directed valence forces, 
and the repulsive forces between the distant atoms which are not directly 
bonded Kj, K* and K, denote the respective force constants The poten¬ 
tial energy is the sum of three terms Vi, Va and Vj given by 

2 Vx = Ki [(ARu)* + (AR*5)® + (ARa.)* + (AR,a)» + (ARs,)* 

-1 (AR*,)* h(AR„)»-l (ARx8)“K 

where ARy; is the variation of the length of the valence bond connecting 
the »th and the ;th atoms 

2 Va - Ka [(A^,)* h (A^a)“ H (^^ 3 )* 4 + (A^a)* 

-t- (A^,)« + (A<f>sn 

where A the variation of the angle between the two valence bonds at 
the rth atom 

2 Va = Ka [(ASx*)* f (ASaa)* f (AS34)® + (AS41)* 

'+• (A + (A837)® + (A873)* + (A 835)*], 

where A is the variation of the distance of the ith and the ;th atoms 
which are not directly bonded 

*} Calculation of the Frequencies 

The coefficient of any co-ordinate in the expressions for the Q's gives 
the component along that co-ordinate direction These coefficients are 
proportional to the amplitudes of the motions of the atoms 111 the corres¬ 
ponding modes of vibration We can therefore find the potential and 
kinetic energies of the molecule for any given mode and then obtain the 
frequencies, using Lagrange s equations of motion 

In the case of frequencies coming from a linear factor of the secular 
equation, the position of the atoms dunng an oscillation can be completely 
desenbed by giving the value of one co-ordinate For example, 

Q« = ^1 + ^3 + ^3 + ^4 ■” ^5 - ^6 “ ^7 ~ 
is the normal co-ordinates corresponding to Bx and if in this mode of oscilla¬ 
tion the amphtude of vibration is 8, each of the atoms 1, 2, 3, 4 undergoes 
a displacement 8 towards the centre of the square (1234) and each of the 
atoms 6j, 6, 7, 8 undergoes displacement 8 away from the centre of the square 
(5678) 'The vanous lengths and angles in the displaced positions may easily 
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be evaluated and the variations written as 

~ “ A®'!* ~ A®w 

A^, = A<f>» = A^4 ^ 


0. 


A^( “ A^4 " A^7 = A^( — 


R*sin ^ 

2 V2 o8 
R* sm ^ 

ift is the angle between the two valence bonds at any atom in the equiUbtium 
position 

ASij ^^ 3(3 — AS34 — 2\S44 = “ v2 8 

Abs 3 = AS 37 “ AS 73 = AS 33 — V2 8 ' 

Hence 

64a*8* 

2V4=02V.=^-f-*^^K..2V,==16K.S* 
and the total potential energy is given by 

K. + 18K.J- 

The kinetic energy is given by 

fdB\* 




The equation of motion is 


m 


d*i / 8 K , g* 
dfl +U‘8in*> 



We now obtain As as 


0 



Vs follows from the relation (3) 

Similarly we find the other frequency rdating to the second linear factor 
of the secular equation. 

In the case of frequencies coming from quadratic or cuUc factors ti 
secular equation, the treatment is shg^tly diffoent. We have to take 
different amplitudes corresponding to the two Q’s ^vingthefrequencla 
the quadratic and similarly three for the cubic. We will work out tiie 
of a quadratic factor (£s) as an example We have 

Q'lo. “ («i -*•) - (*i - **) + V2 («* -*•) - (yi -y^ - (y» -y^ + 

+ V2(y, -yt) 


is-if 
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Q'lui «[(*i - *a) - (*1 - *«) + V2 (#, - *«) + (yi -y,) + (y, -yj - 

V2(yf -yr)] 

+ c[- V2 («i - «,) + V2 («i - «*) - 2 (*, - 

as the normal co-ordinates giving v„ and If the amplitude of vibration 
is 8 in the first mode, all the atoms undergo a displacement equal to v'2 8 
in the directions shown m the mode Q'lg,. If the amphtudes of vibration 
is j 9 in the second mode, atom 1 moves through a distance V2 up m the 
direction (12) and a distance — V2 cjS m a direction perpendicular to the 
square ( 1234 ) The displacements m respect of the other atoms may be 
similarly obtained The co-ordinates of the atoms in the displaced positions 
for the combined mode are given in the following table 


i 

Atom 

X oo*oTdmate 

y co-ordmatt^ 

Z oo-oTdmate 

1 

— a + vs «)8 

a — ^2 5 

0 — Va e/5 

5 

V2 8 - VS «J8 

Va « 

— e 

2 

a + VS ajS 

« +V2 8 

e -f Va e/8 

6 

VS o — V2 8 — Vs a/5 

0 

- e + Va c/5 

3 

a -j- Vs «/5 

- a - VZ8 

e -f- VS cj8 

7 

V5 8 - Va «/5 

- V^a 

— c 

4 

— a -f Va «/8 

-- a -H VS 8 

c — Va c/8 

8 

— Va « — V2 8 — Va a/3 

0 

— c — 2 c/8 


We evaluate the venations in lengths and angles as before and obtain 


_2<i8 — 2 V2 (a* c*) /} 

2^R|| * ~ 

tk Rh “ AR*i “* “ A'Ro *= ■" ARi( 

_ 2 ( V2 - 2) ^ («» -i- e») -f 2 ( V2 - 1) a 8 
=, ■ R ■ 

A^,-0 

A^ A^ *■ A^i “• —' A^« 

« ~2 Via 8-K4-4 V2) (a*-He*) ^-(-cos ^ [(4-2 V2) a 8-K4-4 V2) (a*-l-c*)j8] 
"* R* sin ^ .. 


A^->*A^-* V2 A^ 
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AS„ = AS,4 - 0 ; AS„ = - ASj* =2 V 2 S. AS,, = AvS„ 

= - AS„ - - AS„ - 2 8 
Hence the potential energy is 
4 T 2 ' 

2 V - [(16 - 8 v2) a* 8» + /Sa (a* -+ c»)* (32 - 16 v'2) 

+ « 8 {«• + c*) (32 - 32 V2)] 

+ ^ [8 ( « -I 26 cos ^)* 8* + 16 (1 - cos ^)* ^ 

+ 16 \ 2 ^ (a + 26 cos (1 — cos j? 8] 

+ 32 K, 8*. 

where /» •= ( V2 -- 1) (a* + c*) 

The total kinetic energy is given by 


The corresponding determinant is easily obtained and is given in the next 
page The two roots of this determinant give and from which we obtain 
i/iQ and vii Other frequencies are similarly calculated The equations 
in respect of all the eleven modes of oscillation are listed below ki, 
used in these determinants are respectively identical wi'h K], K,, K, used 
in the rest of the paper 

Ai and A, are the roots of 


le/'*^! Jig /2^/2a 16a*hy I—166cA, 16a*cA, /2 

R* ■^sin*^V. R* ■ “R* / j R» '^R* £ih»^V R* 


+ 2 A, — »t A 


— 166c6, 16a*c6, ^2 V2a 16a*6\ 

R» ' R*sinV\ R*" R*~/ 


16c«6, 16»««c*A, 

R* ■^R'sin*^ 


— wA 


l^*6'd 

R*A 


A, 

A, 


1 / 8k ga> 

m \R« sin* ^ 

ikg_a* 

♦wR* 



A, and A, are the roots of 



V2)+i^8+4 V2) +8fl*c^ ^ ^ ' -‘**-^( V2+l)c*] 

2[ ^-{l-cos^)g]*ft, 2^,^ . 2^,[2a« - ( 1 -c-^s ^)g][2flc +(I -cos ^ ^ 
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II 


o 

II 
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Aio and are the roots of 


( 4—2 V‘ 2 )<t*Ai I 4 (a +26 cos 4 )*^» 
R» R‘sin *4 

+ 2*3 - wA 


(4-4 V2)«(«*4f*)Ai 

R» 

, 4 +26 c c^) (1 ~ CO 

'R*“sm»^ 

In the above equations 

26 — ( v'2 — l)fl 

p ^ { \'2 ~ 1) {a* + e*) 


(1 —4 V'2) a (a* +c*)*i 
R» “ 

4 V 2 ^ (a + 26 cos p) (1 — cos ^)*t 
■R«sin*4 ■ 


+ 


(8-4 V2) (a» +c»)«*. 


cos 


. 2 ( V2 - 1) a* - 4 c* 

4=- jj,- 


y = (2 +2V2)c>+ V2a» 
r — (2 + V2) ac 


6 Summary 

The normal modes and frequencies of the sulphur molecnle have been 
worked out on the asstunption that the eight atoms in the molecule occupy 
the corners of a puckered octagon There are eleven modes of whidh four 
are single and seven are doubly degenerate Two of the former type and 
five of the latter type are Raman active One is inactive m both Raman 
and infracted spectra and the others are active only in infra-red absorption. 
The result obtained in respect of the Raman effect of sulphur are in agreement 
with the above conclusions 

Detailed expressions are denved for the normal frequencies by postu¬ 
lating three types of forces, namely, primary valence, directed valence and 
repulsive forces 
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/. Frequencies and Force Constants 

The equations relating to all the eleven vibrational frequencies that are to 
be expected of the sulphur molecule when it is regarded as a puckered 
octagon have been given in a previous paper * Only seven of these are active 
in Raman effect and three others are active in infra-red absorption There 
IS one frequency which is inactive in both Raman effect and infra-red absorp¬ 
tion None of the Raman frequencies are to be ocpected in the infra-red 
absorption and vtu versa Of the seven frequenaes that are to be expected 
m Raman effect, two come under the total symmetric class (Aj) and should 
accordingly give nse to two strong and wdl polansed Raman hnes The 
Raman spectrum of sulphur^ does exhibit two strong and well polarised 
lines at 470 and 216 and these may at once be identified with vi and v, in 
the notation of the paper already ated We may now substitute these in 
the quadratic for Ai and A| and obtain approximate values for Ki and if 
we provisionally assume a zero value for Ka If these are substituted in the 
expression for v^, a value which is in the neighbourhood of 243 is obtamed 
for it Thus, vi, V| and are respectivdy identified with 470, 216 and 243 
Using these values, Kt, Kt and Ka may be obtamed as Ki := 2 *309 x 10* 
dynes/cm , Ka 0 <903 x 10-^* dynes cm /radian, Ka » 0 0665 x 10* 
dynes/cm K^, Ka and Ka respectively represent the force constants m 
respect of the prinmry valence, directed valence and repulsive forces This 
set of force ccmstants is used to calculate all the frequenaes The values 
thus cakulated are compared below in Table I with the observed values 
Data m respect <d infra-red absorption are taken from Barnes * A better 
agreement may have been obtained by altering the constants shghtiy but 
the labour invdved will be considerable and it is therefore not attenqited 
Xhe dimensions of the molecule are taken from the work of Warren and 
Bniwdl 


* Sea ateocdiaf paper la this Journal. 

^ VaaimSsiwaraa. Proe, Ini. dead Set., (A), 1937,4,345. 
* * PhfL Riv.t 1932, S9i 362. 
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TABte I Normal Frequencies of Sidphur 


ClasB 

Frequency 

calculated 

cm*' 

' Frequency observed 
cm 

Infra-red 

Baman 


481 

/ 

470 (P) 


197 

/ 

216 (F) 

B, 

256 

267 (w) 

/ 

B. 

657 

/ 

/ 

El 

481 

466 (St) 

/ 


181 

200 (St) 

/ 

E, 

243 

/ 

243 


466 

/ 

434 (D) 


122 

/ 

162 (D) 

B, 

642 

/ 

114 (7) 


211 

S 

186 


In the above Table / stands for forbidden, D for a depolarised and F 
for a well-polansed Raman line The available polarisation data in respect 
of Raman lines are included The intensities of infra-red absorption are 
indicated in brackets. It may be noted that only two well-polansed Raman 
lines are observed and of the other five, data available show that two are 
depolarised These results are in perfect agreement with what may be 
expected of the proposed model All the observed Raman ftequenaes 
except the one at 88 have been hsted in the above table Venkateswaran 
has given good reasons to show that this low frequency is characteristic of 
the lattice and hence need not be considered here. There is fair agreement 
between the calculated and observed frequenaes in all cases except the one 
at 642 No line is reported m the neighbourhood of 642 but a weak line has 
been recorded by Venkateswaran at 114 It is possible that this line at 114 
also belongs to the lattice and not to the molecule In such a case another 
Raman hne in the neighbourhood of 642 is to be eiqtected Of the various 
infra-red absorption maxima recorded by Barnes, the two strong ones at 
465 and 200 are satisfactorily explained and these axe to be regarded as 
fundamentals, Another weak absorption at 267 is also presumably a luUda- 
mental Other absorption maxima have to be enqdained sa comUnahon 
tooM or overtones. < 
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Raman Spectrum and Specific Heat of Sulphur 

The relatively small value of shows that the primary valence and the 
directed valence forces are the more important one^ This inference is in 
agreement with the observations of Badger* The value of Ki obtained 
m this molecule suggests that the adjacent sulphur atoms are bound to each 
other by single bonds Utihsmg this value, we may calculate the S-S 

1 / K 

frequency with the help of the relation — V , where ft is the re- 

iHt ft 

duced mass When expressed m wave-numbers, this comes out as 496 and 
compares well with 612 observed in disulphides contaming this group* If 
we take the force constant for S — S as twice the value of Kj, te.i 618 x 10* 
dynes/cm , the corresponding frequency comes out as 702 and agrees well 
with the vibrational frequency 7 24 of sulphur vapour obtained from the band 
spectrum data 

2 Specific Heat of Sulphur 

The specific heat at any temperature consists of two parts arising res¬ 
pectively from the rotational and translational motions and the internal 
vibrations Following tlie recent work of lyord, Ahlberg and Andrews,® 

we will assume that the former is represented by 2D where D is the 

Debye function and 6 is the mean effective characteristic temperature in 
respect of longitudinal and torsional elastic waves The value of this is 
assumed to be 74 5 for sulphur and it correspond-, to v — 62 cm The 
exact relationship of 0 to the observed Raman frequenues in the region of 
lattice oscillations is not discussed here The eleven internal vibration 
frequencies are taken as 162 (2), 185 (2), 200 (2), 216 (1), 243 (2), 267 (I), 
434 (2), 466 (2), 470 (1), 642 (2), 657 (1). and an Einstein function is assoa- 
ated with each one of them The number in parenthesis represents the degree 
of degeneracy in each case The sum of all the Einstein functions is the 
contribution of the latter type to the specific heat The specific heat thus 
calculated is compared with the observed specific heat® at different tempera¬ 
tures in Table II 

Satisfactory and general agreement between the observed and calculated 
specific heats is noticed At temperatures higher than 50 ” K the observed 
value b always somewhat larger than the calculated one This may be due 
to the fact that the former refers to constant pressure whereas the calcula¬ 
tions refer only to constant volume The recent work of Sirkar and 

* Jour. Cktm, Phyt., 1935,3) 710 

* S> Venkateiwarsn, lud Jour, Phyt,, 1931,6| 5 

* Jour. Chtm Phyt, 1937, S, 649. 

* Valib*are taken from I.CT,5 , Nerntt, Aon d. Phyt., 1911,36»395, 
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Tabi^ II Specific Held of SeAphm. 


Temperature 

K 

- C4-') 

Vibrational 

contribution 

Op 

Speciflc 
heat calc 
(total) 

0 # 

Observed 

10 


0 

1 96 

2-48 

20 


0 01 

6 51 

6-76 

30 


0 23 

9 17 

9 20 

40 

10 08 

1 02 

11-10 

11-26 

60 

10 70 

2-38 

13 08 

14-16 

60 

11 04 

4-08 

16 12 

16-64 

70 

11 26 

6 88 

17-14 

19 04 

80 


7-61 

19 01 

21-44 

90 

11-60 

9 40 

20 90 

23 62 

100 

11 58 

11 04 

22 62 

26-60 

160 

11 76 

17 98 

29 71 

32 88 

200 

11 82 

22 90 

34-72 

37-62 

260 

11-86 

26-27 

38 13 

41-04 

300 

11 88 

28 58 

40 46 

44 66 


Gupta* may be referred to m this connection Their calculations are 
however incomplete as they have not taken account of all the vibrational 
frequencies 

3 Summary 

Using the eapressions derived by us in an eariier paper for the vibrational 
frequenoes of the sulphur, the force constants Kt, Kg and K, refemng 
respectively to primary valence, directed valence and repulsive forces are 
evaluated The values obtained are =» 2 '809 x 10* dynes/cm , Kt » 
0'903 X 10-“ dynes cm/radian and Kg «0 >06666 x 10* dynes/cm The 
frequenaes calculated on the basis of these constants are compared with 
the observed Raman Imes and infra-red absoiption maxima and satisfactory 
agreement obtamed 

The specific heat of sulidiur is represented as the sum of a Debye func¬ 
tion and a number of Einstein functions associated with ^ various normal 
frequencies The calculated values compare favourably with the observed 
specific heats. 


* Ini. Jmtm. 1938,18,14S, 
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1 Character Tahh 

Thb stractore assumed for the P« molecule is that of a regular tetrahedron, 
the atoms being situated at its comers. Evidence from vanous fields of 
investigation is strongly in favour of such a stmeture and hence other possi¬ 
bilities are not considered here The model belongs to the tetrahedral point 
group T,/ The character table and the selection rules appropriate to this 
group are given below. 

Trf Group, 


Tg 

E 

8 0, 

8 0, 

6cr 

B 



Raman 

Infra rod 

A] 

1 

1 

1 

1 

1 

1 

1 

P 

f 

A. 

1 

1 

B 

B 

B 

0 

0 

* 

a 

E 

2 

B 

Bl 


mm 

1 

1 

V 

f 

F» 

3 


Bl 

B 

i 

1 

0 




B 

B 

-1 

B 

-1 

2 

1 

P 

active 

h 

B 

8 

3 

6 

6 






12 

B 

B 

2 

B 





kfX,' 

12 1 

B 

B 

12 

B 





ft 

e 

B 

2 1 

B 

B 





hf 

e 

iB 

B 

B 

B 






Tlie notation employed is the same as that already given m earlier papers 
by us in tiwse Proceadtugs, It is seen from the table that we should expect 
three normal frequencies one of them being sit^le, one doubly degenerate 
and one tr^ly degenerate. All the three ate active in Raman effect whereas 
only one is active in infrarted absorption Of the tiiree hnes that are to be 
•oeotditgi^y espected in Raman effect, the sinede frequency commg under the 
total sydsttetric dasa A( should be p^ectly polarised and the r em a ining two 
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being degenerate should be completely depolarised The eiqieiimental 
results^ in respect of the Raman effect in phosphorus are in entire agreement 
with the above conclusions 

2 Normal Co-ordtnates and Modes 

The pnncipal axes, X, Y. Z, are shown in 1 They are obtained by 
joining the middle points of opposite sides of the tetrahedron and the positive 
directions are indicated by the letters X, Y, Z The co-ordinates of each 



atom in any mode of oscillation are expressed with respect to a parallel 
co-ordinate system with the equilibnum position of the atom as the origin 
The normal co-ordinates denved from the character table and the orthoga- 
nahty relations are given below The first six relate to pure translations 
and rotations 


Q, = *1-f Afa-f-X, H-X* 

Qy —yi+yt+yt+yA 

Q. = *1 -1- 2a 4- Xa + *4 - 

==>'1 -ya-jVa+^4 + 2i -2, + 2 ,- 24 ' 
Q«y = *1 - Xa - *a + *4 + 2 i -f 2 a - 2 , - 2 , 

= Xi - Xa -h X, - X 4 +yi -f y,-y, -ya. 


F,(3) 


Fa (3) 


Qi 

Ola 

Qsi 

Qa» 

Qv 


= X, + xj - X, - X4 -f-yi - y,+y, -ya + 21 - 2, - 2, -j- 24. A, 


=yi-ya +ya -ya - 2i -f 2, -f-2, -24 

-2xa -f2xa 2xa-2x4-yi -fya—y* +y4-2i + 2 a + 2,-24 


*=yi -ya-ya +y4 + 21 -2, +2,- 24 
= Xj - X, - X, 4- X 4 -f 2 a 4- 2 , - 2, - 24 

==Xa -Xa +x, - X 4 +ya +ya-y»-y 4 - 


•. F. (3) 


^ S. Bhagavantam, lad. Jour Phyt,, 1930,5> 35, C. S V«afcateswaran, Free, led Acad. 
Set., 1937.4, 345. 
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The modes of oscillation in respect of Qi, Qi^ and are shown dia- 
giammatically in Fig 2 In the case of Qj, the actual displacements which 
each atom undergoes are shown In the other two modes, the components 



Fio. 2 


of the displacements of each atom along the three axes are shown separately. 
The representation follows closely the method adopted by Bom* in connec¬ 
tion with AB 4 molecules 

3 Potential Energy Function and Normal Frequencies 
The potential energy function chosen mvolves primary valence and 
directed valence forces and is given by: 


* Optik, Jalitts Springer, 1933. 
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2 V « K, [(A R«)*+ (A R„)» + (A R,4)«+ (A R,,)* 

+ (A R,*)* + (A R,4)*] 

+ K» [(A + (A ^m)* + (A ^*14)* + (A •hnY + (A ^lu)* 

+ (A hu)* + (A </>!»)* + (A ^„ 4 )* + (A ^,,4)* + (A ^» 4 i)* 

+ (A ^ 14 .)*+ (A ^us)*] 

where denotes the distance between the *th and the ;th atoms and is 
the angle between the two valence bonds tj and jk In all the three normal 
modes the variations AR and A^ are then calculated in the usual manner 
and the potential energies evaluated The corresponding kmetic energies 
are written down and the followmg rdations obtamed from the equations 
of motion 



where R is the length of each valence bond and m is the mass of the phos¬ 
phorus atom vi, V, and v, corresponding respectivdy to the representa¬ 
tions Ai, £ and F| may now easily be obtamed from the rdation A ss 4 ]rv* 
Assuming and v, as 606 and 468 cm ”* respectivdy, we obtain v, directly 
from the rdations ( 1 ) as 844 This compares well with the observed 
value, namely 363 We may also evaluate and E, if we ass^n a value 
for R We assume* that R» 2 >21 x 10-* cm and obtam £ 4=1 >68 x 10* 
dynes/cm and IC| s=«0’396 x 10 -“ dynes cm/radian 

We can utilise the value of thus obtained for calculating the 
frequency that is to be expected of a P ■ P molecule Taking the force 
constant appropriate to this case as 3Ki, the oscillation frequency may be 
evaluated as 742 This may be compared with the aperimental value 779 
obtamed from band spectra 

4. Sptctfic Heat of Phosphorus. 

The specific heat of phosphorus is calculated at 9° C. by awttg wiw g 12 
calories on account of the Debye functions and evaluating the three 
functions corresponding to the observed normal frequencies 6061, 468, 363 . 
The result obtained is 19 *8 calories whereas the oqierimental value available* 


* Maxwell, Headricki and Motley, Jottr. Chem PAy«., 193S, S, 699. 

* The value it taken from LasdoU Benuttin TebtUtn ant) it dne to Rwald. 
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for yellow phosphorus at 9° C is 22 0 calones Ezpenmental data in 
respect of the speafic heat of phosphorus at different tempeiatuzes is not 
available 

5 Summary 

Assuming a potential energy function based on piunaiy valence and 
directed valence forces, eicpressions are obtained by group theoretical 
methods for the normal frequencies of the tetrahedral molecule P 4 The 
numerical values of the observed frequencies are m agreement with the 
theoretical expressions and yield K, = 1 *68 x 10* dynes/cm and Kj = 
0 396 X 10~^^ dynes cm /radian for the pntnary valence and directed valence 
force constants respectively On the assumption that this vdiiie of Ki 
refers to a single bond, the oscillation frequency that is to be expected of 
P B P molecule is calculated as 742 and compared with the value 779 
obtained from band spectra The calculated speafic heat at 9° C is 19 8 
calones which is m good agreement with the expenmental value, namdy 
22 0 calones 
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7 Introdactton 

A theory of the diffraction of light by high-frequency sound waves was 
developed by Sir C V Raman and Mr N S Nagendra Nath jomtly, and 
later also by the latter independently, and was published in a senes of papers 
in these Proceedings {These will be referred to below for brevity as R -N 
Ij II, III, IV, V and N I) In a paper published in the Phystca, July 
1937 (referred to below as V C), Van Cittert has treated the case of normal 
incidence, starting from the usual expression for a pencil of light and coni'^ 
sidenng the light fluctuations at successive points in the medium and thus 
also the diffraction effects, he obtains a system of differential equations, and 
solves them in a senes of Bessel-functions of which the first term agrees with 
the simplified theory contained in R -N I In the present paper it will be 
shown that the results of the more general theory of Raman and Nath (R -N 
IV and N I) for the case of normal inadence are completely identical with 
those of Van Cittert The latter’s method is then extended to the case of 
oblique incidence and the results thus obtained are proved to be also in agree¬ 
ment with those of Raman and Nath for this case contained in their papers 
(R -N V and N I) The solution is developed m extenso, as a senes of Bessel- 
functions The method of parts as developed m Mr Nagendra Na|^ recent 
paper for two systems of sound-waves is extended, and the resultii^i^eneral- 
ised difference-differential equation solved 

Notawon 

fio' Refractive index of the medium m the undisturbed state 
/i. = Maximum variation of the refractive mdex from /i/ 

A ss Wave-length of incident light 
A* SB Wave-length of sound wave 
V* => Frequency of the sound wave 

w = /* (y, /) = fio' — /* sin 2»r ^ 

a refractive index of the medium. 
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Considering the case of normal mcideuce, the results of R -N IV, and 
those of V C are proved to be the same as follows — 

{a) The restrictions under which the results are vahd 

(b) The angles of inclination of the various orders of spectra to a fixed 

line 

(c) The expressions for the intensities, must be the same in both the 

theones 

The incident light will be diffracted at angles given by sin 0 « 
ttA 

± for the nth order (R -N IV), where 0 is the angle with the x axis Van- 

M A 

Cittert's theory also gives the same expression (sm where t„ is 

the angle of the nth order with the axis of x) 


The difference-differential equation as in V C is 

~ f*o) C 4 1 /C C 1 

'df -1 ~ 


where 


cos rp, vp -- cos tp, and f ^ 


(1 — cos r^, and from the relation sin Xp = 




_ 


(neglecting powers of fi higher than the first) 


The equation takes the form 




The solution of this equation is given as bdow (V C) 

50 “Jo — 2t^Jo + • 

51 “ Ji+»^Ji -/5*J» + • • • where 

S| “Jo + 8*^J8 ““^l/PJo -b • • V A / 

Sj Jj “f" 14i^j4 • 
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Expressing these in powers of i, we have 


R-N IV 
andN I 


S, 

- 1 - 

4 24 

+ n0+?)-- 


Si 

( 

~ 2 

{. + f ■ 


m 

S. 

e 

"8 


-i(w+»)<*+ •} 


S, 

48 

{’ + -f- 

+ •} 


|S,|* 

for the ^th order 



00 

-1- 

_ Vi* + 1 A +?*Vt + ... 

4 24 *^64V ^3y*^ 


01 

-'1 


• ^ (p* + S) f* ~ ^ (p* + 10) f+ 

ri 

0a 

=ri 

'+??£ 


(2c) 

0a 

e 

”48‘ 


+ •••} 



Intensity of the ^th order s | ^^ |> 

p s P ^ signifies the same in both Hence the expies* 

sions for the intensities are the same The difference-differential eqnatkm 
IS the same in both the cases 

p is small and of the order of 10 ~* j3 must be less than 1 . 

A - 0 ( 10 -*) 


(») 




A» 


W*o 


jr, -0(10-»)< 1 . p< I 


A* =0(10-») 

ft =0<10-*) 
ft,'-0(1) 


Thus p also satisfies the condition 

The results for the case of normal incidence from the general theory 
(R -N IV and N I) and of V C are thus the same 

For the case ol oblique incidence, we first have the same equation (1). 


^ -4 * J {S^. 1 ~ ^4. i). 


(Sa) 
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The angles of emergence for the various orders are given by 

A 


sin ± 1 — sin =» ± 




sin tp — sin tp _i ^ 


nA* 


sin fp- I — sinr^-i 


sin r, - sin r, = 
siu fp - sia r# = p- 


A 

wA* 


«A* 


I>t the angle of incidence be p (to » 4 ) We have the relation — = n 

J- V V 7-/ gjjj 

(refractive indes of the medium) 


sin 


i^-sin^ +P 


(36) 


This equation is the same as in R -N. II (oblique incidence) 

_ ( l^fi - M „ Pl [ cos r, - c osf^l 

V V, y n \ cos r# > 

fo «= ^1 - » 1 (neglecting powers of 4 highsr than the 


cos 


“ ^ 5 (“^sleeting higher terms) 

Setting P »■ and a ■■ ■“■■ ®i® equation becomes 


first) 



(4) 
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[In deriving these equations, powers of ^ higher than the first have been 
neglected (i* is neglected ^ in this paper corresponds tOfr + ^ inR-N V 
and N I] It can be easily seen that the diffraction pattern is asynunetne 
(R-N V) 

3 The Difference-Differential Equation 

2^|"«CA+{S#-,-S^+i}. (5) 

where = i^ ((/>* + ap) 

eo 

Substituting —Jp +i7a^,„ h ^ J„ + ^ in equation (5), we get the following 

1 

recurrence relations 

aoi 0 

a©* ==0 

^0, #1 + 1 "”^o«-i {^1, n ^-1, »} 

^p ## + ^ + 1 ** ^p X p + n '4*' + 1 / + w ^p P + H ’-X ” ^P ^p, P ^ ft 

« + ^ "" ^p^iip + n- X /> + «-! ""^^“1 ^ + #f-« ^ C^-i ^^-1,^+#1-1 


<* 1 , « + * "" ^ 0 , « + 1 + ^ 2 , #1 + 1 « * Cl «!, #1 +1 

On adding, we have 



which can also be written as 



^PiP+t =*= ^ ^ + 1 

1 


x= f(c, + c, + • + c^) = i i h CrC, 

i f « 1 f »i 
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v}- 

= i {(|Cr)* +fCrj (7a) 

<*/» ^+1 “* <*o, 8 ~ jCa + Ca + • •• + C^+i} + ^p.S+t 

«A/‘+8 “ — |C-i + Cy| CrC,C/ -*> (all like terms being 

counted once only) (76) 

Cp = tj3 (/>* + ap). 

P> iP (P + 1) {2p + 1) {I0p» + 33^* 4 23/. - 6) 

«A/.+8 = -2i- --180 

+ J/** (P + 1)* (^ f 2) + ~ /> (ji -f 1) {p + 2) (3^ + 1) } 

Expressions for the amplitudes So, S^, • • are as below 

S, = Jo - 2*/9j, + 2/5* (1 + a*) Jo + 2*)5 {5 + /5» (1 + V)} J, 

- 2/3* {(27 + 9a*) + )3* (I + 6a* + a*)} J, 

- 2*;9 (18 + ^* (113 + 119 o*) + )J* (1 + 10a* + 6a*)} J, 

+ 2/3* {(246 + 22a*) + /3* (469 + 922a* + 66a*) + /8* (1 + 16a* 

+ 16a* +a*) J,+ 

Si =Ji +*/S(l +a)J,-^(l +a)*J,-»j8{(6 +2a) + jS* (1 +o)*}J 
+ /3* {{28 + 30a + 10a*) + /3* (1 + a)*} J, + »/5 {(26 + 3a) 

+ /8* (114 + 196a + 122a* + 24a*) + /8* (1 + a)»} J, 

- /3* {(273 + 190a + 31o*) + /3* (460 + 1044a + 928a* + 364a* 

+ 66a*) +/8*(1 +a)*)}Jo + •• 

S, - J. + */5 (6 + 3a) J, - /3* ( 21 + 24a + 7a*) J« - »/8{(16 + 6a) 

+ /3* (86 + 141a + 79a» + 16a*)} J, 

4" jS* {(214 ■{* 176a 4* S8a*) H* /8* (841 4" 738a 4* 604a* + 222a* 

+ 81a»)} J, 4- *P {(89 + 16o) + /8* (2291 4* 2849a + 1206a* 

+ 176a*) 4- /3*(13644- 3634a + 3892a* 4- 2096a* + 668a* + 
62a*)} Jo + •.. 
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S, « J, + »/5 (14 + 6 a) J 4 “ ) 8 * (147 + 120 * + 26a«) J, - «/J{(81 + 9a) 
+ /J» (1408 + 1662a + 664a» + 90a*)) J, 

+ ^{(973 + 618a + 132a») + j 8 * (13013 + 19910o + 11666a* 

+ 3024a* + 270a*)} J? + * • * 

S4 « J4 + */5 (30 + 10 a) J» - /3* (627 + 400o + 66 a*) J, 

- t/3 {(66 + 14a) + jS* (11440 + 10670o + 3304a* + 360o*)} J, 

+ /9*{(3872 + 2114a + 829a*) + ^ (663653 + 771990a 

+ 344670a* + 68880a* + 3770a*)} J, + • • 

Sj =« J» + (66 -f 16a) J, - jS* (2002 + IO 6 O 0 -f 140o*) J, 

- »j3{(92 + 20a) + /3* (61490 + 36830a + 12064a* + 1050a*)} J, 
+ • ' 

Sa = J. + tjS (91 + 2 I 0 ) Jt - ^ (6378 + 2402a + 266a*) J, 

- tj8{(141 + 21a) + ^ (265098 + 156&70a + 36042a* 

+ 2646a*)}J» + • • • 

St - Jt + i/S {(140 + 28a)} 1,-/3* (12138 + 4704a + 462a*) J, + • • • 


Sp^h+ */3 f (^ + 1)} 

^ (^L+ ?L(?L±iL(i^L+ 

+ f ^ (^ + 1) (^+ 2) (3^4-1)| J^+i + ••• + 4- •• • 

where J* = J* 

4 Systems of Parallel Soimi Waves. 

Let us consider the case of three systems of sound waves with different 
frequencies, amplitudes and wave-lengths The rdractive mdex oi the 

medium is given by /t {y, <) =“ Mo + S sin 2iir It can 

easily be proved that combinational cndets are present and that they occur 

at angles given by ^sin the (r, s, <)th order. 

Extending the method of parts as in Mr Nath’s recent paper, it can easily 
be seen that the equation giving the amplitudes ol successive orders is 

2^^r.A<(*) =»! |^r-l,/.< “•^r+l.A/} + <*» 

+ vi 1 ~^r,s, /+ 1 | where «>. = 


( 8 ) 
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The boundary conditions are (0) »0, and ^,^ 0,0 (^) = 1 
This can easily be generalised to the case of N systems of sound waves 
To solve the equation 


with the conditions 


+ / /- 1 ~d>r t, /+i| 

( 0 ) = 0 

Upo.(O) =^1 


(9) 


ef* 


^r,s t ^ solution of the above equa¬ 
tion if — 2 ariir — The most getaeral solution is obtained by 

r as 1 \ Sr/ 

summing up similar solutions. 


te, 

t 


(*) 


( 5 ^) 7 // 


5 {,1. 




(9a) 


where ^ is any function of ii, it To obtain the solution satisfying the 
given boundary conditions, we can regard the quantities as tvimpl ei 
variables and take each integral round a closed contour which encir rW the 
orgin once 

The boundary' conditions are 


f ( 1 ) (0) =» 0 f s, t >#> 0 

1 ( 2 ) ^^..,( 0 ) «1 

• <*)»'™‘ (si.)’ « rAir^i}-' - ® 


This implies that ^ (ii, i,) is a constant » a 1 by (2) 


T (* “ |) 

We knWthat * 


I { f{*'"■ lO} dfi dit -dit 


di - J« («) This can be proved as 
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^ ^ ^ ~ Reaidue at the origin 


Coefficient of is given by 


«Y' 1 1 

2 ) \n V2; V2^ r^+2 


|l|n +1 


'Sfg- CJ 

Li 12L+1 


r H- } 


=G)”{!<-'>'a)VM 


« ]n U) 




(*) - 2« $ 


17 + 1 *^ 9 ^ 




(*•“<») 


^r, s, t (g) Jr (gl g) L (gt Z) J< (g, 1) I 
The generalised form of the above equation can be wntten as 

2 (*) ■* 1^1*1-!.>*»• •«»„ "" ^»x n. *»*. ••%} 

+ »! M, -1, ~ 'fi. »»»}■*■’“ 

+ •^1* “■ ••*»»+»}* 

where f»a, • > • % are integers and (a^) are constants ^o> ■■ 
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Froce«ding as before, we have the general solution given by 




W-(aii)' // ff * tf.. 

N 





To obtain the solution satisf 3 nng the boundary a uditi o ns 

4‘ni, ni, • «j, (0) = 01 

00,0 0 ( 0 ) =* IJ 


(lla) 


we regard the quantities as complex variables and mtegiate them round 
contours enclosing the origin once We therefore get. 






1 • ‘ffw 




*_+ 1 






Hr 

J«1 (<^1 •J«2 (^» (^N 


Wj {^) *“ ^ Jffr 


r « 1 


Intensity = - («) |* = 77 (or,*) 


( 12 ) 

(13) 


This same expression has been obtained by B Fues by applying the simplified 
theory of Raman-Nath (R -N I) In condusion it is my greatest pleasure 
to record my respectful tiianks to Professor Sir C V Raman, for suggesting 
the present investigation and for much valuable gmdance and cntiasm m 
the course of the work. 


5 Summary 

The results of Raman and Nath in their general theory of the diffraction 
light by ultrasomc waves at normal and obhque incidences are shown to be 
in complete agreement with those of Van Cittert for the case of normal inci¬ 
dence and also with those obtained by extending VanCittert’s method to 
the case of oblique mcidence. The ampl tude function for the latter case is 
developed in extanso in a series of Bessel functions. The eiqiiession for the 
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intensity with normal inddence in the case of X systems of sound waves is 
IJ-j •• (vMJ*) I*, where »j, are the orders ewated. 

This result is the same as that which has been obtained by R. Pues by 
applymg the simphfied Raman-Nath method to the case oonsideted 
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§ 17 Generahzation of some theorems at Knopp 

§ 13 General Remarks 
This part deals with a subclass of T [T as defined in 2 1 of Part I of this 
paper] We designate the direct and inverse transformations of this class by 
U and U~^ and prove that these transformations, and others defined by their 
products are commutative We further shew that transformations corres¬ 
ponding to differences of any real order form a subclass of the group defined 
by U, U~S and their products In (16) we shew that some important 
theorems of Anderson (A 1)* are, either deducible from, or particular cases of, 
theorems of Parts I and II of this paper In (17) we discuss the generaliza¬ 
tion of Knopp’s results on " Mehrfach monotone folgen ” (K 2) f 

§ 74 A Class of CommutaUve Trans/ormahons 
Let II Am n II define a U Then besides the four conditions of (2 1) of 
Part I, condition («), namely, =a^forall«, te, ««/> = 

*, characterizes ««,<• > so that am ,« for U is characterized as 

follows ‘ 

(«') «*.,•= 1 (&') =* 0, n< w (c') «,, < 0 for all ^ > 1 [14 *1] 

(d') ap< 1 We see that a U is defined completely by a sequence (a^) 

pml 

satisfying (c') and (d') 

A. Tn AndtTBon Slndter over Cewo's summabthtets methode (Danish) See 
the second chapter entitled ** Om differencer 

(K-2)t* K. Knopp, " Mehrfach Monotone folgen," Mathemahteche Zeitschnfi, 
mSp Ug 
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In section 2 of Part I we established the existence ci a unique reaptocal 
matrix |1 * H such that 1| |1 -H H = || || (unit matrix) Since any 

U IS a T It follows that in this case also || II the reciprocal matrix exists. 

Further from section 2 of Part I, we obtain 

p 

Pn,n + it = — J? A*+S,»+ ^ (2*6) 

We can at once deduce for all n, and 

A, » - i [14-2] 

S i" 1 

We obtain the following results also easily 6, — 1, > 0, and from (14 *2) 

It follows that bf, is given by the equation 

(r 6* **) (1 -t- f a.*-) = 1 [14-3] 

0 ^ S* 1 

If Ui and Ui are defined by {om^} and {aa*}> ri is easy to prove 

(1) U, U, = U, Ux. (2) if II c„,„ II defines U, U, then += a^» for all «. 

(3) a^* IS given by the equation 

1 + £ a,?X^ ^{l + T a,» *S) (1 + 2 a* x^) (I4.4] 

f 1 1 I 

The matrix of any product of U*s and U~*’s is always characterized by 
condition (e) of 14 >1 If {a^} defines the product can be calculated in all 
cases from an equation of the type of (14 4) It is quite easy to shew that 
the commutative property is true for any product of U's and U-*'s 

§ 15 Differences of any Real Drier 


Thxorbh Transformations defined by differences ci any real order 
form a subclass of the class formed by U’s, U'^’s, and their products. 

Lemma 1 If 0 < y < 1 then we shall prove that « U (y) 

Formally the difference A> t>i, Wk - yw »+1 + »».+• 


•“ y®#*! “ ^ ®«+i — * 


-yJL-a j -i -^ I-jj 

Consider a transformation U (y) defined by (om) as follows 

y y) 

then, o^<0fet^>lwid--r 0 /-1. 


0| 


-y a, 


••• 


_ Ki* -ritf-1 - y) 
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Hence conditions (c') and (d') of (14*1) are fulfilled and we have 

■ U (y) [16 -1] 

Lemma IfO<y<l A-'V «{U (y)-^} [16«2] 

By (14 3) this is obvious 

Proof of Theorem I^et U (1) « A* asm (16*1) 

Ut [U (!)]-»■ A-* asm (16.2) 

Then if A^ be a difference of any positive order, consider the transformation 

S=[U(1)]* U(y) 
where m = and y = {p) 

and U (y) a A> 

If {a^} defines S, it is given as m (14 *4) by 


= (1 -x)”‘ + y == (I -x)p 


so that 



t e, 

S ■ A'' - [U (DJ- U M 

[16 3] 

If ^ IS negative we 

prove in exactly the same way as above 

A^ s{ru(i)i->)r-{U(y)}-> 


where 

Hence the theorem 

w « ( — p) and y =» (~ ^) 

[16 4] 


§ 16 Deduettons of Some Theorems of Anderson 

We propose in this section to denve Soetmng 3. 4, and 5 of Anderson on 
differences from theorems of Part I and II of this paper 
Soetning HI (page 20 of Anderson’s Book A *1) 



(a) It x„ =0(1) r > 0 

s > - 1 

and r + s > 0 

then 

AMAM*«U - 

A'^' (X*) 



(&)lfx«-0(l) »'>0 

s > -1 

and r •+• s > 0 

then 

AMA''(af«)} - 

A'+'(r,) 



Proof of (a) Leavtng aside the trivial case of s > 0 sve shall shew that (a) is 
a paxticalar case of Theorem XVHl of section U§, Part II of this paper 
lAh a < 0 and s ^ — q q < \ choose qi sndi that q <qi< I and qi<r 
so tihat r •»qx-¥i, f > 0 
TImh by ICheoram of 16§ A^ 

•nd , \ =s U (fi) *17^ • • * 
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where 

U ( 9 i) = A^i as in (16'1) 

and 

A'-CU(9)]-* 


Since {Xt,} is bounded by Theorem II of Part I so u, (**) == 3 ^* 

We shall now shew that [U ( 9 )!-^ -[U (g^ (y„)j =- {[ 0 ( 9 )] - »• U ( 9 ,)} (y,) 

Let li II define [U ( 91 )]- ^ and |1 || define [U ( 9 )]-» 

then s«,„ =. ^ ^P = O (/.?-») 

a»d ft,.,*, - +-<* -'I - 0 

therefore = 0 (^^“^ 1 ) ^ asA—*-oo 

Pn,n+p Pn,n-t-P 

Obviously IS bounded and bounded Hence the three conditions of 
Theorem XVIII are fulfilled and we have 

[U ( 9 )]-‘-[U( 9 i) (y»)] ={[U ( 9 )]-»- U (9,)} (y„) = 

= U ( 9 i - 9) (y*) 

But y„ = • Up* {Xn) 

and by Theorem II of Part I 

[U (9i - 9 )] [Up. Up, Up. WJ - [U (9, - 9) Up, Up.] (*«) 

= A*-+'(*».) 

Proof of {b) Leaving aside the tnvial case of s > 0, this is a particular case 
of Theorem X of section 8 §, Part II (refer 8 *32) 

Let s = ~q 9>0 r = q +t t>0 

then A^ = [U( 9 )]“* and A'«=A*’A^ 

»U(9).Up.Up, -Up. 

Since Xn is a null sequence by 8 32 of Part IJ 

[U (9)] - ‘ [U (9) Up, Up, ... Up. (*„)] - Up, Up, ... Up. (x^) 

or 

.Statement Soetmng IV and V of Anderson — 

Soetning IV (a)—If, a> 0 ,r>~o, s> —1 — a, f 4 -s> — a 

then A'[A'’(ie»)] « A’‘+M*J 

.Soetning IV (3)—If jtw =■ 0 (j?)’ — o. s>~l — o, r 4 -s> — a 

then A'EA'-C**) - A'-^M^J 

Soetning V (c)—^If — 0 a > 0, r > — «, s >— 1 — o, #’+s> — o 

A* [ A*" («»)] *■ A'^^ (x^) when the latter exists 



On Linear Tram formations of Bounded SeqHenees^JII 139 

We shall shew that these are particular cases of Theorems VI, VII, VIII and 
IX of Part II of this paper There is a considerable amount cd overlappmg 
of the various cases occumng in (a), {h), (c) In any particular case of (a) we 
shall have 

(s') s > 1 - a,, >• > - oi, and r + s > — a,, where 0 < a, < a 

The cases of (b) which do not occur under (a) are 
(b') s = -1— a, r > - a, r + s > — a 
The cases of (c) which do not occur under (a) and (b) are 
(c') >'4-^ — — o, r> — a, 1—a 

We propose to further divide (a'), (b') and (c*) as fcdlows 
(a') — (si') when s > - o* . (a,') s — — — q 

(b') — only one case {b\) 

{c') — (Cj') when r and s are negative 

t e , r -»= — oj 4 — 04 a* > 0 04 > 0 and o* 4- 04 - a 

(cj') when 0 < r < 1 and s = - a — r 
We shall shew that («}') is a particular case of Theorem VII of Part II 

(^ 1 ') and (c*') particular cases, of Theroem IX of Part II 
and (cj') IS a particular case of Theorem VI of Part II 
Proof (a/) y>-o»s>-oj and r 4 - s i - o* 

By 16*4 A“«. = and the most general way of taking 

A'' and would be A= (Ux" * U,- ‘ • U/- ‘ U<,,) and 

U,. U/+x-‘ U/H.,-* Ur*) 

If II Pit,H+p II defines (Ux** Ur *) then bp = 

/I 

and S 6. = B,, =* O (fi**) 

lyet 0 | (1 4- S) ■= « , since a* < a 8 > 0 , 

By hypothesis *0 = O «= O 

Hence by (8 *20) of Theorem VII of Part II 

AnA"(*o)] * (U,.U,,.U,.-U/,x-* ••U*-*)[(Ux->- -Ur^U^x-'U^^C*.)] 

«(U„ --u^^.U/tx-^.-Ur* -Ux-^.Ur^Upr'UxvX*-) - 

Proof of (a/) s»— 0 |— 0 < 9<1 r + t <>0 

° (iO “ ° “ “ (i)' 


sinoe 
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• A-«^=Ur*- u*'» 

= u (?) 

then =(Ui-‘ • U,-»)[U {?)]-* 

A'^ =U(?)Up. U,, . Up, 

u 

If defines (Ui * • U* ') and b, =^*„+pandB, -= 

since by hypothesis x„ - « j we have b> (8 30) and (8 31) of Theorem 
IX of Part II 

A^[A'’(*«)J “ [Ur * • U>~* {U (?)}"^1 (U (?) Upj • Up,) (ir») 

= (Ur‘ Ur‘-Up, Up,) (Aj 
- A'^ + ^ (a„) when the latter exists 

But the latter exists by Theorem VII since = O 
Hence («,') is established 

Proof of («»') » - 1 - o r 1 t- / / > 0 « 0 

Ut A' =U(1), A-« =--(Ui ‘ Ur‘) 

then if II ^ww II defines (Uf ‘ • ‘U** *) Pn,n > p 

» «_(? +J) («^I) ^ 0 (p*- >) 


and B|, = £ ftp * 0 («•) 

p»0 

\\ e therefore have A'' = U (1) -Up, Up^ Up, 

A^ =[u(i)j »ur»u,-‘ 

and since *« *= 0 ^ 

An A'-(if-)] -[{U(l)}'‘ Ur‘ U,-‘]CU(l).Up, --UpJ 

(Ui‘‘ U>“* 'Up, ••Up,)(Xp) = A*■+^ (*») if the latter exists bv 
(8 > 30 ) and (8 31 ) of Theorem IX of Part II 

But the latter exists since *w “ 0 ^i^andr + s> -a By Theorem VII 

Proof of {cf) In this case argument is identical with that of (ft') except in 
the last step where it must be noted that the equality will be vidid if 
A'* Xn exists 

Proof of (e'l) r ■* — a* s *« — 04 o, + *4 •« a op > 0 04 > 0 0 
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^ tl ?n, p It defiae We shall prove that 




p “S A 




Pfoof lin,m+p = =» 0 (/»«1 -*) and T 6^ » B« » O (n«») 

and Xn = « (a) -♦ 0 as » -> oo 

Hence by result (1) of Theorem VII 

= -KaI:)- 

If II P'n,p II defines A “•« then ^'n,n+p = 6p' = O (^i “*) 

and £ 6p' * B»' * O (n*4) 

Hence j ^ ^ I ■*/»l j = 0 (b^') ** 

Hence the conditions of Theorem VI are fulfilled and we have by the same 
theorem 

A"** [ A”*» (*«)] = A“* (*)») when the latter exists 


§ 77 GeneraltzaHon of some Theorems of Knopp 
His results in the paper (K 1) are as follows 
Given Xm > 0 and «» = 0 (1) then 

I If A" (Xn) > 0 for all n, the i A^ (Xm) > 0 for 0 < j8 < a (Satze 
6 of his paper) 

II If a > 1 and 0 < /3 < a - 1 and x» > 0 x„ = 0 (1) and 
A* {xjj > 0 for all n 

then A^ (x») ■■ 0 [Satze 9 of his paper] 

and two particular cases of II are also given as Satze 7 and Satze 6 

of his paper 

It will be shewn that, 

if o>0 (x») yi.>0 

then for all 0</i<a A^(i«) =■ (y*) [17*1] 

and in particular «> A " * y^, is an immediate consequence of Theorem IV 
of Part I 

In particular x, « A-*y, -.TA**-* A«{x») A* (xjj 

Bence tte conditimis of Hjadpsoetning III B of Anderson on page 34 <tf his 
hook (A • 1} art satisfied and result It of Knopp foUows at once as a particular 
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case of the theorem of Anderson It is rather remarkable that Knopp has 
not noticed this We will here give generalizations of results I and II applic¬ 
able to U's 


Theorem I 

Uet 

S = U, U, U, -Up and S {x^) -^yn 

and 


S' =U,+, U,+, -U* and S'(*,) =«, 

If - 0 (1) 

and 

> 0 for all n. 

then 


S'(*,) =(Ur‘U,-» • -u.-^Xy.) 

and 


S' (x„) > 0 for all n 

Proof 


y„ = s (*.) == (Ux u, u,) (U,+, . u*) (xj 


- (Ui U, U,) {S' (*^} by 'Theorem II of Part I 
= (U.U,U,)(rJ 

Also since — 0 (1) so is == 0 (1) by 'nieorem II of Part I 

Hence by repeated application of Theorem IV of Part I just as in the cordllaty 

^ n* fi ^ P'+ ^ P'» + f [17 3 ] 

where || • || defines (U^) ■ ‘ The multiple senes on the nght can be 

summed up in any manner since Pm n > 0 and > 0 

* 1 * -{^P'u.M + fii + n + Pi ' P*Hfr-x, n + p)'ym^ p 

— ^ Pn+pyn + p 
^ 0 

where || Pm .« II - II P''m. , II *11 jS'- V« II • * II Pm m II 

Hence = (Ur > -U, - > U, - >) (yj = (U, +, U^) (*„) 

since >'« > 0 Sind all /3 m« > 0 we have «« > 0 

and in particular we have *^’=(Ur* Uj"^) (y«), whenr «=* [17 *4] 

When the U's are A's we have as a deduction from above the result <rf 
(17 1) namely —If A* (xj ~y„ >0 for all n o > 0 
then A^ (*«) 

and in particular x„ => A* * yn 

Thborbm II Uet U (1) ■ A* and S = [U (1) -Ut U, U, U^] 

S' - U, U, . U^ 

II/3^.« II define Ur>U,-» .-U*-^ 

Now Pn^*p “ U*t 27 ftp » Bk 

0 

then if 

*» ■* 11 (1) nnd S (*«) = y, be > 0 for all n, then S' (*„) » o • [17*6] 
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ProoJ By 17-4 [{U Ur>-U,-^ U*-'] (yj 

= {U(i)}-MUr» u^-*)(y-) 

0 

09 

*=2? ^pyn^p 
0 

eo 

and X, — £ 

0 

and S'(AfJ = [U (l)r (yj = f y. 

Now E y, = E yp = 0 ) 

« ;i "p V"*«/ 

Since Bp yp converg..s and Bp B, *, < «i. 

Hence S' {x„) == 0 ^ Thus proving (17 5) 

Result II of Knopp follows immediately from this 
for letU(l)«A‘ U, UjU^ = A“ «>0 

If A^ • {Xn) > 0 for all n 

then A- «« = 0 

for B« in this case = O (n") 

Knopp's Satze 7 is an immediate consequence of this His Satze 8 takes the 
following interesting form in terms of U’s 

OO 

If U {xn) =yM be > 0 for all n,Xn>0 and » 0 (1) and E conver- 

0 

gent, then, 

-►0 as n-^oo where {h„) defines U~^ as in (14*3) and 

n 

B„ « E i. Putting r„ -*„+*» +1 4- * • 

p-O 

we have A r« =» ** =» U (1) (»-„) 

Hence [U (1) U] “y* > 0 for all n 

Hence U (fj » 0 by (17.6) 

But U (f«) a* r *. + 0 | 'S ar- + og ? af* + • ♦ •, where («„) defines U 

n «+ 1 9 + 2 
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The right-hand side is an absolutely convergent double senes since 

f 1 o„ I - - ^ < 1 and IS convergent 

1 1 

Hence U (r„) = *« -f *« +1 (1 + ®i) + *»+»(* +«»+«•) + 

since 1 - 1 - ai 4 - o, -f a, > 0 by condition {d’) ci 14 -1 


yrc have x„ < V (r«) 
Hence 



[17 6] 


Erratum. 

Vol VIIJ.No 1. page 65, Itne 31 

Instead of " These interactions are the ’ exchange effects' 
read '* These interactions are not the ‘ exchange effects ' 


lOOVsSB^Prtnted M tlM Pn^ M 


Ito^BMiriaMCItp, brO SMI 

B M ScWMMt BUIfllOIV 


\wm Am. SoMrlMMdwit 


COLOUR IN RELATION TO CHEMICAL 
CONSTITUTION OF THE ORGANIC AND INORGANIC 
SALTS OF JSONITROSO-DIPHENYL-THIO- 
BARBITURIC ACID AND ITS HIGHER HOMOLOGUES 

AND ANALOGUES. 

By (Miss) Ionh NmtAVATi Dhasam Pass 

AND 

Sikhibhushan Durr 
Received May 30,1938 

(Communicated by Sir C V Raman, xt, ras, ni.} 

IsoNiTROso-MAiX)NYi,-UREA OT violuric aad, which forms interesting coloured 
salts with alkah hydroxides and orgamc bases, has been exhaustively exanuned 
by Ghatak and Dutt,^ who found that the stronger the basic character of 
the base, the greater is the intensity of the colour of the salt that is formed 
in combination with violunc acid They examined the absorption spectra of 
the orgamc salts of violunc acid along with their dissoaation constants and 
came to the conclusion that there is a general relationship between the two 
values although no hard and fast mathematical relationships could be denv- 
ed from them Previous workers in this field, namely, Hartl^,* Hantzsch,' 
Meek and Watson* had only confined their attention to the absorption spectra 
of free violuric aad and the sodium and potassium salts m water They 
had already taken notice of the fact that m dry nou-hydroxyhc solvents, 
violunc add was quite colourless, but m hydrozyhc solvents, as well as in 
wet non-hydroxyhc solvents, it had a distinct pink coloration 

Later on (kind and Dutt* tode up the study of violantin and alloxantin 
and their orgamc salts and found that the mtensity of their coloration was 
even greater than the corresponding compounds of violunc add. Both the 
compounds are monobasic m nature and form well-defined salts very similar 
to those of violuric aad, with the difference that unlike the latta, the former 
undergo hydrdytic decompositioa m water Consequently, the dissociation 
constants conld not be determined and the absorption spectra were found in 
aledu^ solution. 

next interesting Urork in this connection was done by Lai and Dutt,* 
who topk up the study of ssonitioso-thio-barbxturic aad or tUo-vidndc aad, 
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which was prepared by them for the first time by the action of nitrous aad 
on thio-barbitunc acid The alkali and orgamc salts, of this compound were 
found to be highly coloured substances, yielding fluorescent and mtensely 
purple solutions with absorption bands between B900-6025 A They were in 
this respect far more coloured than the corresponding salts of violunc acid, 
and it appeared highly interesting to note the tremendous difference in colour 
and absorption brought about by the introduction of an atom of sulphur 
in the molecule of violunc acid in place of an atom of oxygen The effect 
of sulphur on the colour of organic compounds and dyestuffs has previously 
been noticed by former workers, eg, by Purvis, Jones and Tasker,’ who 
noticed that the thio-oxalates of alkalies are yellow in colour, whereas the 
corresponding oxalates are colourless, by Dutt and Watson,® who have 
shown that many mercaptan denvatives of azo-dyes and thio-fluorescem are 
deeper in colour than the corresponding dyes contaimng oxygen in place of 
sulphur, by Reid and his collaborators* who also worked in similar hnes to 
Dutt and Watson , and by Dey and Dutt,“ who worked on dyestuffs pre¬ 
pared from thio-diglycolhc acid But in none of these works mentioned 
above was the intensity of colour found to be so much enhanced by the 
introduction of an atom of sulphur in place of an atom of oxygen, as in the 
case of compounds derived from thio-violuric acid Dal and Dutt examined 
the absorption spectra of these compounds and also the dissociation constants 
of a number of them which were soluble in water, but on companng the 
results thus obtained, they came to the conclusion that the colour of thio- 
violurates is not intimately connected with electrolytic dissoaation, and in 
fact intense colours were possessed by compounds which were altogether 
insoluble in water or hydroxyhe solvents, and whose absorption spectra 
had to be determined in acetone or chloroform solutions 

On account of the interesting results obtamed with thio-violunc acid, 
it was naturally expected that any further loading of the molecule of the 
substance with heavy substituents might result in the production of a com¬ 
pound capable of yielding salts with even greater intensity of colour than 
that obtamed from thio-violunc acid This expectation from the theoretical 
pomt of view has now been realised m the case of 1 3-diphenyl-thio-violmic 
acid It IS the aim of the present investigation to examine the effect of 
loading on the molecule of thio-violunc acid by the introduction of two 
phenyl or even heavier groups, and also to compare their salts with the 
corresponding salts of diphenyl-violunc acid, which would differ frmn the 
former only in possessing an atom of sulphur in place of the oxygen 
atom. 
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1 3-Dipbenyl-thio-violunc aad has now been prepared for the first tune 
by the action of nitrous acid on 1 3-diphcnyl-thio-barbitunc acid, which 
in its turn has been obtained by the condensation of thiocarbamhde with 
malonic acid in presence of acetyl-chlonde 




CgHjN : H 

HO . OC 

CflHsN— 

—CO 

CflHoN-CO 

^ .... 

CS 

• • • • •• 

CHa 

/ 

-► CS 

• 

C . Hi 

/ \ 

o -N-OH CS C»NOH 

\ 

.. .. / 

\ 


. \ / 

CeHsN , H 

HO , OC 

CeHoN— 

—CO 

’ CflllfiN-CO 

Thiocarbanilide Malonic acid 

Dtphenyl-thiobarhitariL uticl 

Diphenyl-thio-viulunc acid 


/sonitroso-diphenyl-thio-barbitunc acid or diphcnyl-thio-violunc aad is 
a monobasic acid and may be represented by formula (1) shown below, in 
which the hydrogen atom marked with an asterisk is replaceable by metal 
This IS the oxtmtno-ketomc form 


C,HsN—CO 

CS '^-N- 

\ / 


•OH* 


CellsN-CO 

/ \ 


rs c— 


N«=0 


\ /* 

Cells N-C—OH 


(1) Oaaxnino-ketomc form 


(2) Nilroso enolic form 


But an alternative structure can be formed due to the tautomensm of the 
marked hydrogen atom to give the mtroso-enohc formula (2), which is equally 
capable of existence This contains the highly strained grouping N = O, and 
hence according to the “ Theory of colour on the basis of molecular strain ” 
advanced by Dutt,^^ it must be a highly coloured substance On the other 
hand if the oximino-ketonic formula be correct, then diphenyl-thio>violunc 
aad should not have any colour at all, or at best only a pale yellow colour 
We find that the compound in question is an orange coloured sohd dissolving 
in solvents like acetone to an orange solution It appears that m solution 
as wdl in the sohd state, the substance exists mainly in the oxinuno-ketomc 
form But this state of affairs becomes considerably modified when a salt 
formation of the add occurs by treatment with alkali or an organie base 
Under sudi arcumstances, on account of the greater load of the substituting 
metal or basic radical, the tautomensm between the two above-mentioned 
forms will be far more difficult and the more highly stramed configuration 
(2) will result as soon as its existence becomes possible due to the following 
reasons' The -CO*groups in the molecule of diphenyl-tiuo-violunc add are 
xeaUy the residues of carboxyl groups, and they still retain the aadic character 




14B (Miss) lone Nitravati Dharam Dass and Sikhibhushan Dutt 

m a modified form due to the presence of the NPh-groups in the vramty, whose 
basic character they have more than neutralised When such a group 
enolises by the transference of a hydrogen atom, it becomes more acidic 
than a -NOH group (c/ unt acid and the ureides with the oximes of 
aldehydes and ketones) It can be easily seen therefore that in order to 
neutralise an alkali like sodium hydroxide or an orgamc base, the original 
weakly acidic oxiniino-ketonic form has to tautomerise into the more 
acidic nitroso-enohc form in order that a neutral salt formation may take 
place And once the tautomeric hydrogen atom becomes substituted in 
the latter form, the mtroso-enohe structure becomes fixed due to salt forma¬ 
tion, and on account of the heavy load cannot tautomense back into the 
oximmo-kctomc form It is due to this that a highly strained but stable 
structure results, which is m fact respoasible for the intense colour of the 
diphenyl-thio-violurates 

As a further proof of the above theoretical exposition of the colour pheno¬ 
menon of the salts of diphenyl-thio-violunc aad, it may be pointed out that 
weak bases like amhne, picolme, quinoline, isoquinohne, etc, form molecular 
combinations with the aad m dry acetone solution which are only slightly 
coloured, t e , which are either yellow or orange But in the presence of only 
a trace of water, true salt formation takes place immediately with production 
of the usual intense blue or green coloratioas It is therefore qmte evident 
that the real basic character of the base has to be developed in the presence 
of a minimum quantity of water before the true mtroso-enohe structure of 
diphenyl-thio-violuric acid with its concomitant highly acidic nature can 
be formed with a view to real salt formation In other words, it is a question 
of lomsatiou of the base before the salt formation may take place Very 
weak bases like j3-naphthylamme, m-xyhdene, etc, do not produce any 
salts for the same reason 

The effect of sulphur on colour as seen on comparison of the absorption 
spectra of salts of diphenyl-thio-violunc acid with the corresponding salts of 
diphenyl-violuric aad (Prakash and Dutt,^* work just published) is also very 
interesting Whereas the characteristic colour of the latter is purple-violet 
with the absorption maxima m the vicimty of 6900 A, the characteristic 
colour of the former is bluish-green to deep emerald-green, with absorption 
maxima in the neighbourhood of 6600 A in many cases. Besides there 
IS another aspect of the ** Theory of colour on the basis of molecular strain ** 
advanced by Dutt [loc c%i ), namely, " In a system that is under strain, the 
effect of load will be to increase the strain, provided it acts within dose pro¬ 
ximity of the strain . the further away the load is from the cedtxe ol the 
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strain, the less will be tibe effect ” ezamplified, when we compare the four 


types of compounds given bdow — 


NH-CO 

CflllsN-CO 

NH-CO 

/ \ 

/ \ 

/ \ 

c-o C>=NOH 

C-O C=«=NOH 

C“S C-NOH 

\ / 

\ / 

\ / 

NH-CO 

CflHftN-CO 

NH-CO 

(8) Violuric acid Pink salu, 

(4) Diphenyl violuric acid Violet 

(5) Thio-vioiuric acid Violet 

Aba Max. 630S A 

aalta, Abs Max 5900 A 

CoHfiN-CO 

C«S C-NOH 

\ / 

CjHbN-CO 

(6) Diphenyl thio violuric aclda 

Green aalts, Aba. Max. 6500 A 

aalta, Aha Max 5000 A* 


We find that a load of 16 units is as effective m deepening the colour of 
violuric acid to thio-violunc acid, as a load of 164 umts to the same substance 
under slightly different conditions, with formation of diphenyl-violunc aad. 
The reason is obvious on scrutmy, smce we find that m the former case the 
load has been applied at the centre of the strain itself, t e, at the double 
bond But in the latter case we find that the phenyl groups are one bond 
removed from the double bond, and are consequently less effective as loads 
in deepening the colour Similar phenomenon will be observed when 
^3), (4) and (6) are compared together 

On account of the great success achieved with the preparation of diphenyl- 
thio-violunc acid and its organic and morganic salts and, also the fulfilment 
of the expectations as calculated from the theoretical point of view with 
r^ard to this compound, attempts were made to prqiare other denvatives 
of thio-violunc acid containing heavier substituents than the two phenyl 
groups With this object in view, the following scheme was worked out 
with an equally great success 

C52 Matonic add HNOj 

Primary amine — ■■ ■ > Thiourea ' ■■ > 1 hiobarUtuilc acid ■■ > Thio violuric acid 

The following pnmary aromatic amines were successfully used m this 
connection o-toluidine, w*tolmdine, ^-tolnidine, m-xyhdme, o*anisidme, 
^•phenetidine and a-naphthylamine, and the corresponding substituted 
thio-vidiunc adds obtained All these higher homdognes and analogues 
of dijdienyl-thio-'Violuric adds with the exceptum of the a-naphthyl 
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compound yield mote intensely coloured compounds witli alkalies and 
organic bases than the corresponding ones obtained from diphenyl-thio- 
violutic acid, and their absorption bands are also higher op m the spectrum 
This has been exactly according to expectations from the point of view of 
theoretical considerations But in the case of the a-naphthyl com¬ 
pound, although the impure stuff yielded a green coloration with alkalies 
and organic bases, yet on purification and crystallisation, the substance was 
resolved into a compound giving only violet salts with them Apparently 
this IS the only anomaly in connection with the consideration of the large 
number of substances that have been examined in this investigation 

Expenttiental 

Preparation of diphenyl-thio-barbitunc acid —A mixture of thiocarbanihde 
(20 gm), malonic acid (12 gni) and acetyl-chlonde (18 cc) was heated 
on the water-bath under reflux for about 30 minutes The mixture first 
became a completely homogeneous fluid which ultimatdy sohdified to a 
compact light yellow erystallmc mass The product was broken up, ground 
fine with water in a mortar, filtered, washed, dried and ciyrstallised from 
glaaal acetic acid m bnght yellow prismatic needles melting at 246" C 

The acid is spaniigly soluble m most of the ordinary orgamc solvents 
m the cold, fairly soluble in boiling alcohol and hot glacial acetic acid, almost 
insoluble m chloroform, benzene and ether and insoluble m water It dis¬ 
solves easily in dilute caustic alkalies and ammoma 

Preparation of isonitroso-diphenyl-thio-barbiturtc acid or ^ diphenyUthio^ 
vtolunc acid —Diphenyl-thio-barbitunc acid (20 gm) was dissolved m 
dilute sodium hydroxide (5 per cent) and a solution of sodium mtnte (20 gm ) 
111 the minimum quantity of water added The mixture was filtered through 
thick cotton cloth, cooled with the addition of lumps of dear ice, and 
gradually acidified with the addition of ice-cold dilute sulphunc acid The 
light buff coloured precipitate of the tsomtroso compound was allowed to 
stand overnight, then filtered, washed with water, dned and crystallised 
from boihng glacial acetic acid, when it was obtained in the form of glistening 
orange rhombic prisms (see Plates IV and V) mdtmg at 227" C 

Diphenyl-thio-violunc acid is absolutely insoluble in water, but dissolves 
in boihng glacial acetic acid to the extent of only about 3 per cent and on 
cooling, practically the whole amount crystallises out It is very slightly 
soluble in other neutral orgamc solvents, with the exception of acetone, m 
which it is fairly easily soluble, forming a bright orange ncm-fluoresoent 
solution On the addition of alkahes or orgamc bases, intense blue or green 
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colours are devdoped and in the majonty of cases, the salt is preapitated 
in a cr 3 rstalhne and exceedingly beautiful form The colour change is so 
sharp and rapid that diphenyl-thio-violunc acid can be used as an excdlent 
indicator The salts give absorption bands reaching much further into the 
red region than those given by the corresponding salts of thio-violunc 
acid With the exception of the alkali salts, the rest are quite insoluble m 
water, but in acetone they are very easily soluble giving mtense colorations 
which are augmented by the addition of a few drops of water and in this 
aqueous acetone medium, all the absorption spectra have been determined 
All the salts of diphenyl-thio-violunc aad possess beautiful crystalline 
structure, are fairly stable, but melt with decomposition The lowest 
decomposition temperature that has been recorded is in the viamty of 
130° C Some of the alkaloid salts are rather unstable and become sticky 
and swell up due to decomposition, on keeping Consequently they have 
to be prepared immediately before the examination of their properties 
They all possess cubical crystalhne structure Contrary to expectation, 
they were found to be optically inactive, thus provmg that recimisation 
took place along with salt formation All the salts desenbed iii this paper 
have been prepared by nuxing together eqmmolecular proportions of the 
acid and the base in acetone solution In 90 per cent of the cases, the salt 
crystallised out completely but, in the rest, it had to be obtained by evapora¬ 
tion of the mother hquor 

Preparation of the higher homologues and analogues of diphenyl-thio- 
violuric acid was done in a similar way to the above Por the sake of abbrevi¬ 
ation, the properties of the barbitunc and violunc acids (Table I), the salts 
of diphenyl-thio-violuric acid (Table II) and some of the salts of the higher 
homologues and analogues of diphenyl-thio-violuirc aad (Table III) are 
given in tabular forms at the end of the paper Miaophotographs of the 
crystalhne structures of diphenyl-thio-violunc aad and its higher homo¬ 
logues and analogues have also been appended showing the exceedmgly 
fine crystalhne nature of these substances 

Summary and Conclusions 

1 /sonitroso-diphenyl-thio-barbitunc aad has been obtained for the 
first time by the action of nitrous acid on 1 S-diphenyl-thio-barbitunc add 
prepared in its turn by the action of diphenyl-thiourca on malomc aad in 
presence of acetyl chloride 

2 /sonitroso-diphenyl-thio-barbitunc add or diphenyl-tbio-violuric 
aad has an orange colour in the sohd state or m solution in orgamc advents, 
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but on treatment with alkalies or orgamc bases, intense blue and green 
coloured salts are formed, the transition of colour being sufSciently strong 
and sharp for the substance to act as an excellent indicator 

3 The change of colour from orange to blue or green has been shown 
from theoretical considerations to be due to a fundamental change in the 
constitution of the molecule from an oxinuno-ketomc to a mtroso-enohc 
structure 

4 The above change in the molecular structure results in the produc¬ 
tion of a true nitroso-group, which from the point of view of a " Theory of 
colour on the basis of molecular strain ” advanced by one of the present 
authors, has been shown to be the most highly strained amongst the 
chromophonc groups, and consequently produces the greatest intensity of 
colour 

6 The loading effect of the two phenyl groups as well as that of the 
sulphur atom from the point of view of colour production has been discussed, 
and it has been shown that the effect is quite in accordance with the theory 
of colour advanced by Dutt 

C From the study of the absorption spectra of the salts of diphenyl- 
thio-violunc acid it has been found that their intensity of colour is roughly 
proportional to the strength of the basic character of the base entering into 
salt formation 

7 Further study of the absorption spectra of the salts of a senes of 
newly synthesised higher homologues and analogues of diphenyl-thio-violunc 
acid indicates that the effect of additional load on the molecule of the sub¬ 
stance IS to produce still further intensification of colour as expected from 
theoretical considerations, the greatest effect bemg produced by substituents 
in me/^-positioiis closely followed by those in the para 
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Tabi^s I. 

Properties of the Main Barbthtnc and Vtoluric Acids 


T violuno 

aoids) 




Colour in 


la 

Analysis 

Colour of aohd 

Remarlu 

solution 

(aqueous 

MP 

ii' 

(% B mo- 
retioal with¬ 



aoetone) 


in bracket) 


i The barbttune acede 


Diphenyl-T B 

Palo yellow 

Prisms 

YeUow 

246* 

4600 1 

Ol 0 tolyl T B 

Yellow 

lieotangular 

pnsma 

Yellow 


4660 

Di m tolyl T B 

Light yellow 

Fine needles 

Yellow 

265“ 

4650 

Di p tolyl T B 

Bright yellow 

Rectangular 

prisms 

Yellow 

233“ 

4660 

Di m xylyl T B 

Yellow 

Do 

Yellow 

247“ 

4720 

£>1 0 anisyl T B 

Yellow 

Fine needles 

Yellow 

(deep) 

246“ 

4720 

Bi p pbenetyl T B 

Light salmon 

I&k 

Do 

Deep 

yellow 

167“ 

4720 

l>i a naphthyl-T B 

Qieenish yellow 

Cubical crystals 

Orange 

yellow 

216“ 

4960 


$ 

1 1 
The Ftoime Jmd* 



Diphenyl T V 

Orange red 

Qliatening hoza 
gonal plates A 
pnsms 

Orange 

227“ 

0130 

Do (No 2) 

Dull orange 

Rectangular 
pnsms A 
needles 

Orange- 

yellow 

220“ 

6060 

Di-otoJyl-TV 

Buff 

Rectangular 

plates 

Yellow 

200“ 

4755 

DlmUdylTV 

Dull orange 

Rhombic plates 

Orange 

216“ 

6160 

Dl-p-tdylTV 

Deep salmon- 
junk 

Hexagonal 

plates 

Reddish 

orange 

128“ 

5180 

Di-m-xylyl-T,V 

Buff 

Needles 

Orange- 

yellow 

165“ 

5060 

Di^i-aaisyl T V 

Deep mahoganr- 
brown 

Qliatening cubes 

Orange red 

212“ 

5220' 

Di-p-ph«netyl.T.V, . 

Orange buff 

1 

l^ndle-shaped 

pnsms 

Do 

128“ 

62C0 

Di-a-&a|M9l*T.V . 

Vkdet-blaok 

Glistening 
roundish pidv- 
gonal myiitab 

Brownish 

yellow 

216“ 

5140 
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Table II 


Properties of Dtphenyl4huhVtolurates 


Namo of the 
compound 

(D T -Kdipnenyl thio 
Tiolurate) 

1 

Colour in the 
Holid state 

Remarks 

Colour in 
solution 
(aqueous 
acetone) 

MP 

(D) 

Ih 

< 

Analysis 
(% S Then, 
retical with 
in braoket) 

Methylammp » T 

Dtop olive 
green 

Glistening hexa 
gonal prisma 

Greenish 

blue 

128“ 

0010 

8 72 (8 98) 

Dimeihylamtne D T 

linlliarit green 

Glistening hexa 
goiial plates 

Bluish 

emerald 

green 

186“ 

6030 

8 43 (8 64) 

Tnmothylamine 1) T 

Olive green 

Glistening 

pnsms 

Bluish 

green 

123“ 

6016 

8 30 (8 33) 

Ethylamme D T 

Deep olive 
green 

Glistening 

needles 

Beep olive 
green 

176“ 

6060 

8 62 (8 64) 

Diothylamine 1.) T 

Brilliant green 

Glistening hexa 
gonal plat< s 

Beep green 
ish blue 

128“ 

0070 

8 00 (8 04) 

Allylamine D T 

Greenish grey 

Glistening pris 
matic needles 

Bluish 

green 

leo” 

6026 

8 12 (8 37) 

/«obutylamine 1) T 

Beep green 

Bo 

Indigo blue 

178“ 

6000 

8 03 (8 04) 

/Mamylamme D T 

Steel grey 

Bo 

Beep blue 

l«2* 

6015 

8 20 (7 76) 

Quinoline I) T 

Salmon pink 

Kine needles 

Pale bluish 
green 

170“ 

6920 

7 32 (7 04) 

Piperidine 1) T 

Bull terra ootta 

Bo 

Beep green 

184“ 

6140 

7 30 (7 80) 

/aoquinolino 1) T 

Salmon pink 

Bo 

Grass green 

174“ 

0009 

7 37 (7 04) 

OoUidine D T 

Light mauve 

Bo 

Bo. 

180“ 

6010 

7 67 (7 17) 

Pyridine D T 

Bluish green 

Microsoopio 

prisms 

Yellowish 

green 

178“ 

6980 

7 52 (7 92) 

a Piooline D T 

Dull terra ootta 

Prismatic 

novdlca 

1 Sea green 

188“ 

5940 

7 31 (7 66) 

Lepidine D T 

Light bluish 
green 

Fine needles 

Turquoise 

blue 

186“ 

6030 

7 30 (6 83) 

0 Toluidine D T 

Gramte grey 

Pnsmatio 

needles 

Birty 

brownish 

green 

180“ 

6026 

7 95 (7 40) 

Quinaldine D T 

Salmon pink 

Fine noodles 

Bluish 

green 

169“ 

0040 

7 2 (6 83) 

Fhenetidine D T (p) 

i Chocolate 
broiwn 

Pnsmatio 

needles 

Bark olive 
green 

186“ 

6020 

6 73(6*98) 

AniildineDT (o) 

Oreeniah grey 

Bhofflbio pnsms 

Bo 

128 “ 


7*64(7 14) 
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TABi<fi II— (Contd ) 


Name of the 
Dompound 

(3) T “diphenyl thio 
Yiofurate) 

Colour in the 
solid state 

Remarks 

Colour in 
solution 
(aqueous 
acetone) 

MP 

P) 

'[3 

< 

Analysis 
(% S Theo. 
retical with 
in bracket) 

a Naphthylomine 

DT 

Dirty brown 

Glistening 

prlsmatio 

needles 

Dirty 

brownish 

green 

lai** 

5860 

6 02 (6 83) 

p-Toluidinu D T 

Reddish brown 

Prismatic 

needles 

Grass green 

lee** 

6030 

8 10(7«40) 

m Toluidine D T 

Light oak 
brown 

Glistening hexa 
gonal pnsms 

Greemsh 

brown 

164* 

6020 

7 78 (7 40) 

Brucine V T 

Bnght bluish 
green 

Cubical crystals 

Axure*blue 

180* 

6050 

4 83 (4 45) 

PotaasJum 1) T 

Deep emerald* 
green 

Glistening root 
angular pnsms 

BnUiant 

green 

210* 

6560 

8 84 (8 81) 

Sodium D T 

Greenish blaok 

Do 

Intense 

emerald 

green 

128* 

6610 

0 39 (0 22) 

Ammonium D T 

Bluish grey 

Rectangular 

pnsms 

Greenish 

blue 

213* 

6060 

9 83 (9 35) 

Quinine D T 

Light bluish 
grey 

Cubical orystab 

Violet blue 

139* 

6050 

5 51 (4 90) 

Veratrine D T 

light greenish 
grey 

Do 

Moss'green 

168* 

6080 

4 10 (3 49) 

Cmohomdine-D T, 

Greyish blue 

Do 

Deep violet 

140* 

6970 

5 32 (5 16) 

Morphine 1) T 

Violet blaok 

Do 

Carmine 

red 

93* 

5780 

5 67 (5 24) 

Thebam D T 

Dark grey 

Do 

Brownish 

red 

123* 

5825 

4 83 (5 03) 

Narooiin X> T 

Greenish grey 

Do 

Reddish 

brown 

103* 

5865 

4 67 (4*33) 
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TABta ra 

SaUs of Higher Homologues and Analogues of DtphenyUthio^moliimc Add. 


Name of the 

Colour in the 

Bcmarks 

Colour in 
solution 

MP 



oompound 

1 

solid state 

(aqueous 

(») 





acetone) 



1 inbraoket) 


(A) Ae%d Ih o idyl th%o v%olune Aetd 


Methylamine 

salt 

Dark olive 
green 1 

Short hexa 
gonal pnsms 

Deep ohvo 
green 

163° 

6060 

8 21 (8 33) 

Diethylamine 

If 

Bnglit bluish* 
green 

Rhombic plates^ 

Greenish- 

blue 

181° 

6100 

7 84 (7 61) 

Triethylamine 

II 

Violet grey 

Small prismatic 
needles 

Deep sage 
green 

166° 

6400 

7.32(7.76) 

Quinoline 

II 

Light buif 

Fine needles 

Olive green 

212“ 

6076 

7 11 (6 63) 

Sodinin 

II 



Greenish 

blue 


6160 




(B) Ac%d Dt p talyl thio vwlurtc Aacid 




Methylamine 

salt 

l4ght grey 

Very fine 
needles 

Brilliant 
blue green 

170° 

6206 

8 28 (8 33) 

Diethylamine 

*1 

Bright bluish 
green 

Fine pnsmatio 
needles 

BnUiant 

green 

142° 

6420 

7 46 (7 52) 

Tnmethylamine ,, 

Light dull blue 

Fine needles 

Do 

164° 

6425 

7.18 (7.76) 

Sodium 

II 1 



Greenish- 

blue 


6160 



(0) Actd D% m %<Ayl thu> violunc Ac%d 


Methylamine salt 

Light greenish 
blue 

Rectangular 

prisms 

Dark olive 
green 

160° 

6316 

(6220) 

8 21 (8.83) 

Diethylamine „ 

Brilliant green 

Glistening cubes 

Deep indigo 
Uuc 

186° 

6300 

(6160) 

7.64(7.51) 

Trlmethylamine ,, 

Qroyish-blue 

Do 

Deep violet 

107° 

6860 

7 n (7>7el 

Quinobne „ 

Light buff 

Tino needles 

Light dirty 
green 

177° 

6006 

6 S7(«.6S) 

Sodium M 



Bluish* 


6235 
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Tabi,£ III— (Contd.) 


Name of the Colour in the 

compound solid state 





Analyus 
(% fl Theo- 
retjoal with 
in bracket) 


(D) Actd Dt m afylyl l&to vuilttnc Ae$d 


Mfithylamine salt 

Brownish violet 

Qhsiemng root- 
angular pnsms 

Yellowish 

green 

148" 

6035 

7 36 (7 76) 

Diethylamine „ 

Beep ash grey 

Cubic crystals 

Bright 

green 

« 

o 

0165 

7 62 (7 04) 

Trimethylamine ,, 

Bark violet- 
brown 

Rectangular 

pnsms 

Croenish 

blue 

138" 

6150 

7 01 (7 27) 

Sodium 



Brilliant 

green 


6280 



(E) Aeid D% o anui^thu> tnciunc acid 


Mothylanune salt • • 

Medium grey 

Rectangular 

prisms 

Bnlliant 
blue green 

161" 

6170 

7 M (7 4S) 

Diethylamine ,, 

Qrey blue 

Rhombic prisms 

Emerald 

green 

164" 

6266 

7 SB (e M) 

Trimethylamine ,, . 

Violet-black 

Rectangular 

prisms 

Beep ome 
raid green 

106" 

6280 

7 30 (7 20) 

Sodium 


i 

1 

Green 


0160 



1 « ’ 

(F) Acid Bi p piieiteiyl ^lo vtcittne acid 




Methylomine salt . 

Medium grey 

Ftismatio 

needles 

Bluish omc 
raid green 

142" 

6150 

7.08(7 20) 

Diethylamine „ 

Greenish grey 

Cubical crystals 

Emerald 

green 

186" 

6350 

6 43 (« 08) 

Trimethylamine „ . 

Greyish green 

Rectangular 

plates 

Beep omo- 
raid green 

114" 

6410 

6>32(6 77) 

Sodium „ . 



Nuish green 


6220 


QmnoUne „ 

Leather-brown 

Rhomb opiates 

Brown red 

ISO" 

6080 

6.41(8.00) 


(0) Acid i>HX nopklhyl4hw vtoiunc ae%d 


Ueth^lamine salt . 

Bark brown 

Beotangular 

plates 

Brownish 

red 

147" 

5060 

7 42 {7 01) 

Bietlqdamine f, • 

INaok 

Prismatic 

needles 

Bo 

153" 

5000 

6.31 (6.43) 

Trimethylamine »» • 

Blade 

Qhstening pnsm 
atio needles 

Bo 

112" 

5060 

7 04 (6 61) 

Sodium . 



Violet 


0000 
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Tabw IV 

Companson of the Absorption Maxima of the Vidurates, Thio- 
violurates and Diphenyl-thio-violurates 

Absorption Maxima 

Figures indicate waTo-Iengths in Angstrom units 


Skit of 

With 

Violuno 

acid 

With 

Thio violuno 
aoid 

With 

Diphenyl 
thio Tiolurio 
aoid 

Sodium 

5830 

5828 

6610 

potassium 

5830 

5847 

6560 

Ammonium 

5832 

5837 

6060 

Mothylamino 

5782 

5892 

6010 

Dimethylamme 

5793 

5858 

6030 

Trimethylamine 

5712 

5820 

6016 

Ethylamine 

5697 

5870 

6050 

SOiethylamine 

5699 

5931 

6070 

ButyUmine 

5532 

5850 

6000 

0 Toluidine 

5626 

5928 

6025 

m Toluidine 

5678 

5941 

6020 

p Toluidine 

5684 

5950 

6030 

a-napththylamine 

6499 

5697 

5860 

Pyridine 

5692 

5886 

5980 

a pioohne 

5692 

5907 

5940 

Piperidine 

5697 

6023 

6140 

Quinoline 

6683 

5861 

5920 

Qmnine 

5537 

5905 

5950 

Cinclionidiiie 

5557 

5927 

5970 

Bmeme 

5697 

5975 

605b 








MICROPHOTOGRAPHS OF DIPHCXYL-THIOA lOLURIC ACID AND ITS 
HIGHER HOMOLOGUES AND AN ALOGUES 


(M/ss) lone 
Pharam 
Stkhthhu 





V 



Di-/»-phenetvl-thio-vio1i]ric acid Di-a-naphth> l-thio-uolunc acid 
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Tabus V 

Compartson of the Absorption Maxima of the Salts of Diphenyl-thio-molunc 
Acid and its higher Homohgues and Analogues 
Fignni indioato wave lengths in Angstrom units 


Aoid 

(T V BBthio Tioluno aoid) 

Methylamine 

mt 

Dtethylamine 

salt 

Tnmethy! 
amine salt 

Quinoline 

salt 

Sodium 

salt 

Diphenyl T V 

6010 

0070 

6016 

6020 

6610 

Di 0 tolyl T V 

6060 

6190 

6400 

6076 

6100 

Di p tolyl T V 

6205 

6420 

6425 


6160 

Di m tolyl T V 

6316 

6300 

5850 

6005 

6236 

Di m xylyl T V 

L6036 

6105 

6150 


6280 

Di 0 anisyl T V 

6170 

6266 

6280 


6160 

Di p phenetyl T V 

6160 

£6360 

6410 

6980 

6220 

Di a naphthylamine T V 

6960 

6000 

6860 


5000 


jy B —and para tolyl groups have the greatest effect on the colour of diphei^J Ihto* 
Tiolurates 
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A THEOREM IN THE ADDITIVE THEORY 
OF NUMBERS. 


By Inder Chowia. 
Tr%nity College, Cambridge 

Keccived August 15,1938 
(Communicated by Dr S Chowla ) 


In this paper I prove the 

Theorem Lei* (i, (j, be a set of increasing positive integers such that the 

number of f’s not exceeding z is greater than Ci x {for x > Xo) 
where Cj is an absolute positive constant Then the number of sobuitons of 
n = a$* + + c 

where a, b, c are fixed positive integers and n < x, ts greater than C| x for large x 
where c, ts an absolute positive constant 

A case of this theorem is that the set of numbers which can be expressed 
in the form ax' + fry* + cz* has positive density I do not know whether 
this result is a consequence of the theory of ternary quadratic forms 


The proof of this theorem depends on the result that 
S f* («) = O (**) 

where r (m) is the number of ways in which m aifl + by* + C3^ (*, y, x 
take + ve, — ve and O values and a, b. e are fixed positive mt^jers) 

The proof of the asymptotic relation, namdy, that 

H (w) ~ A *• 

m ^ « 


where A is an absolute positive constant, will be devdoped in a future paper. 
Notation We take the Farey series of order Vn and fg, f denotes the segment 
for whidh 


2Tr 





are the limits of variation of 0 where ^ and ^ are the left-hand and rkht- 

q q ^ 

hand neighbours respectively of ^ in the Farey series of order Vm. 


* I.#, the fi have ” pentive deniity with reject to the natural nnmbert. 
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g (w) ^ S tei»* (I w I < 1} 


where 


w —e. 


iwtplf - ^ 4 id 


f{w) =g (w«) g (lf>*) g {w^ 

= S r (m) IP** 

»»=* 0 


where r (m) is the function defined above 

9-i tOjM 


S - S . - ^27 exD 4. 


where s — a, b, c 


Lemma 1 


^ - Q 

s=s,^,,.,=0(^?) 


Proof 


^ - 1 ^ - 1 

IS I* - r i; exp 

M-0 l^ 0 


^TTtSp I 


(m* — f*) + 2^ m (m — 


Put m + r, where r runs over q incongruent values (mod q) 
IS I- - ' X r exp 

< » 0 r ' 9 / 

- X exp (5"#?* X exp (^^•|^') 


27riv>’^ 

? > 


Now E exp =0 if 2^fs 0 (mod q) 

= q if 2prs B 0 (mod q) 

Hence since 2^r5 ■ 0 (mod q) at most 2$ times (0 < r < g — 1) it is clear 
that 

|S|*=0(?) 

Lemma 2. On q we have { for s — a, b, c) 

g {w^ = A, + B, 

where A, - Vf ^ (i - ‘ 

oiuf g (ip) «■ 1 + 2» + Sin* + 2ip* + • • • more (j ip | < 1) 



At 


f 
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Proof See Kloosterman “ On the representation of numbers m the form 
ax* + + cr* + ” m Acta Mathemahca, Vol 49, lemma 7, p 437 


Lemma 3 
Proof Now, 


r r*[m) -O (n*) 

W — 1 


_ 1 

Take p ~ e ", Then 




rhs>r*(l)c " +r* {2) e + •+»*(»»)<!-*><;-* £ r* (m) 

1 ^ ^ /f 

and hence the lemma is proved if 


On 

By lemma 1 

|B,| =0 

Now, 


/ \f(pe‘»)\*de^O{n*) 

0 


I'-(=^)l 

( Trh^ V 

v(i-)) 

c 


1 


/G 


— 

1 « 

= e 

M 12 • 

TrV( 


= e 

s?* ( 

3+'’) 




7 (7 + ?*) ^ ^ 7 (7 + 7') ? + ?* > V», 7 + 7* > Vh and 

therefore 0* < “ it follows that 

q*n 

— 7T -\ — /i ^ 4 ,iv > (ai* 2i) > Min (\, 

n7* (i-. + 9*) r^ Q, + \z 

fusing > Min provided a, ( > 0^ and ? < V«. 
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Hence 


Hence 


and therefore 



From lemma 2 it follows that on 

g (w^) =.- 0 / - 


(>«■)*) 


But taking p = e ", A — fl-f 


“ ” ^ i (T^) 

\ f < v<* f 

’"f ^ f — =o(»') 

I ^ .i «(i +«* J 


Hence the lemma 


Concluding Argument. 


M {x) denote the number oi y for whidi 
y ^ u (u* "I" ^ (v* "f" c Ctff* 

where the f's form a set of increasing positive int^ers having positive 
density. 
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It will be bbowu that for x > Xq, M (x) > Cj * where c, is an absolute 
positive constant 

I/et / (y) denote the number of ways in which y —ain ^ iv + cf,** 
Then evidently, 

f{y) <r{y) 

S f{y) ^ E 1 

r < * + *£»* + < X. 


> 




\ 

tiv' < 3 
‘■fro* ^ g 

where 0 {x) denotes the number of ^’s which are less than and equal to x 
By hypothesis, 

0 (*) > Cl X (* > *,) 

where Cj is an absolute positive constant So we have 

s f{y)>c»x^ 

y< * 

where is an absolute positive constant. 

Using Schwarz’s inequahty that if 


then 


®ii »<*4f I 

bi, • • •, 6* j 


> 0 


V 


s] E a/ S 

and putting «y =»/ (y), =» 1 ii/(y) > 0 otherwise o it is seen that 


E ay by ^ 

ym.1 


Hence 


i V - E f (y), E 6/ - M (*). 

r" 1 y «■ I y “ l 


e,x* < E /(y)‘l< ^M(x) £ JiJyJ 
y<* ^ r<x 


t.e. c,*x» < M (*) r /»(y) < M jr) E r* (y) < M (x) O (x*)) 

y<x 

* e, M («) > Ct s; 

where c, is an absolute positive constant Hence our th<»ftr»m, 
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I The classical calculus of propositiolis, found for instance in the Prtmifna 
Mathmatica, can be interpreted, as is well-known, as a iruth-vahte syMom 
This IS done by attnbuting to each proposition p a truth-value t {p) which is 
zero or unity according as ^ is false or true If now / {p, q,r, ) be any 
proposition which is formed from the propositions p, q, r, • by the opera¬ 
tions of the calculus (that is. . . and ? ). it is a condition to be satisfied 
by any truth-value system that/should be categoncal. that is. that the truth- 
value t (/) of f should not depend oh the actual propositional arguments 
p, q,r," but only on their truth-values, t {/»). t {q), t (r). . This is easily 

venfied by inspection for the propositional calctdus. for 

< = Max [t (p), t (?)] 

t{p q) = Mm. [t (p), t (?)] 

t{p:> q) ^ Max [1 -t{p),t (y)] 

The laws of the propositional calculus are those propositions / {p, q, r, • ), 
which are true whatever be the truth or falsity of p, q, r, ♦ • • 

This idea has been generalised by I<ukasiewicz and Tarski who have 

constructed a logic of propositions with n +1 truth-values denoted for 

1 2 ft_1 

convenience by ’ *• “j~ • 1 The unphcation-rdation C of the calculus 

is defined by. 

tipCq) ^litt{p)<t{q) 

* 1 (P) + ^ (?). liUp) > t {q). 

Two propositions p, q are logically equivalent when each imphes the other; 
from the truth-value t (j>C q), this can happen only when p and q have the 
same truth-value, since 

[<(#)<<(«)] [<(?)<<(^)] 5 i(P) -<(?) 

Further, negoHon is defined by: 

t(~P) - I -< W 
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Logical addition (V) and multiplication (/\) of propositions are now defined 
by. 

p V q^pCqCqJif 
p q ^ y ~q)Tif 

The meaning of the operations C, V» A thus defined should not be 
identified with the broad nieaniug given to these same operations in the 
two-valucd calculus As a matter of fact, V. A. ~ can not have the ordinary 
meamngs, or, and, and not, since the law of excluded middle and the law of 
contradiction do not hold , for 

t {p y q) = I ip Cq‘C q) by definition 
If t[p)<t (q), t {pc q) — I, and therefore t{pC ?*C?) =- t {q) 

If t{p)>t {q), t{pCq)—\ -t{p)-\t {q) and 

/ (/> C 9 C y) =- 1 - [1 + / (9) ] + / (9) =<(/») 

Thus t(p V 9 ) ~ Max [< (p), t ( 9 ) ] Similarly 

A 9) = i - V ~ 9) ^ Max [1 -#(/>), 1 -t ( 9 ) 

- Mm [t ip), i P) ] 

In particular 

tpy ~p) - Max [f (/)), 1 -/(/>)]=# 1 
t{p f\~p) *=Min \i p). \ - t (P)] 0 

Thus the laws of excluded middle and contradiction both fail The actual 
meaning to be attached to the operations of the many-valued calculus must 
be discovered from considerations of probabihty * For, the hmiting form 
when » becomes infinite, of the Lukasicwicz-Tarski logic is the logic of 
probabihty 

II, The purpose of this paper is not the investigation of the meamng 
of the operations of the many-valued calculus It is on the other hand to 
arrive at a view of many-valued logics which is somewhat more general 
than that of Lukasiewicz and Tarski, and includes their extension as a 
special case The view which I wish to advance is the truth-values attributed 
to propositions in any propositional calculus must be elements of, what I shaU 
call, a quasi-boolean algebra By a boolean algebra is meant an algebra which 
IS constructed on the model of the algebra of all subclasses of a given class 
By a quasi-boolean algebra, I shall mean an algebra which is constructed on 
the model of the algebra of all subclasses of a given class containing groups 
of like elements This requires further explanation, as it is not evident as 
to what is meant by the algebra of all subclasses of a given class, when the 
class contains like elements The explanation is supplied m what follows 


* For these meanings see Lewis I and II. 
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III The Simple Qttast-boolean Algebra 

The Simple quasi-boolean algebra may be defined to be an algebia 
constructed on the model of the algebra of all subclasses of a class, all of 
whose elements are alike To study this algebra, consider a class C„ com¬ 
posed of n like elements Since the elements of C„ are indistinguishable, 
two subclasses of contaimng the same number r of elements are indis¬ 
tinguishable from one another Hence has precisely n 4- 1 subclasses, 
containing respectively 0, 1, 2, , n elements Thus the subclasses are 

in ( 1 , 1 ) correspondence with the integers <«, and are in linear order 

The sum and product of two subclasses c, c" are defined generally as 
the classes contaimng the elements of c, c', and the elements common to 
c, c', respectively These definitions would however be ambiguous if 
apphed to two subclasses c^, containing respectively r, s elements of C* 
To remove the ambiguity we consider the extreme cases of indetermination 
We shall say that c^, l, are in the position of maximum incidence, when they 
have as many common elements as po'^sible, and in the position of mtntmum 
incidence, when they have as few common elements as possible The sum 
and product of Cy, c, in the position of maximum incidence are defined to 
be their quasi-boolean sum and product It follows from this defimtion, 
that if r < s, 

Cf Cf ^ Cr 

Cf Cf = Cj 

Hence also 

C( -j- , Cq Cjt * Cj 

"I" •= c»i» Cff cn — e^ 

The associative and commutatue laws hold for these two quasi-boolean 
operations, as well as the existence of zero and the umt Farther, just as m 
boolean algebra, each of these quast-boolean operations distributes the other 

For 

Cr {Cf -f c/) ^Cfi,k — Min [r, max (s, /)] 

CfC, ■{■CrCt —Cp,p ^ Max [min (r, s), min (r, <)] 

We easily verify 

Min [r, max (s, <)] » Max [nun (r, $), mm {r, /)], for any three mtegers 

^ s,t 

Thus this distnbutive law and similarly the other distnbutive law are seen to 
hold. 

The negative Or ot the quasi-boolean element Cr is defined to be the sub- 
dass which remains when e, is removed from C» It is dear that Or »= Cn-r, 
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and Cr — Cf as in boolean algebra. Further with this definition of the 
negative, the pnnctple of duality holds just as tn boolean algebra For, 

(Or +'^) = . k = max (r, s) 

Or c, — c„~r'C„^s — <^n-k> siuce n ~ k — min (« — r, ns). 

Thus (cr -f Os) = Cr c,, Similarly (<•, c,) = tv + c. 

However, the two boolean laws c,. + 1, Cr‘hr=0 no longer hcfid 

We have in fact, 

Cr -i- Cr — Cr + C„^r ~ Cjt, k = maX (f, H — f) 

Cr Cr = Cr c„-r ~ C/, I = mm (r, n — r) 

Further, in the simple quasi-boolean algebra we can define the relation 
' contained in ’, ( < ) as follows 

Cr < Cf means c, + c, = c. 

Then, just as in boolean algebra, we can define the two quasi-boolean 
operations -|- and x in terms of the relation < and its converse > , namely, 
Cr + c, IS the element which contains Cr and c^ and which is contained m 
every element containing Cr and c^, with a similar defimtion for 
By means of the relation <, the simple quasi-boolean algebra is hnearly 
ordered 

IV The Group-operation of the Simple Quast-boolean Algebra 

We shall now shew that if we take the subclasses Cr, c^ in their position 
of minimum incidence, then the formation of their sum and product can be 
effectively combined into a single operation, which is a group-operation of the 
simple quasi-boolean algebra, and exhibits it as a cychc group of order m -|-1 

For, if r + s > n, the classes, c^, c, have no common element in their 
position of minimum incidence, hence c,c, = while if 

r -f s > n, the classes will have r -i- s — n common dements in minimum 
incidence, so that Cr + c,=c„, Discarding the trivial 

results Cf and c„, we see that sum and product in the position of minimum 
incidence can be combined into a single operation R sudi that, 

R c, = c*, k — least positive residue of r -)- s mod {n + 1) 

Thus Cr R c, IS the sum of Cr, c, in the position of minimum mcidence if 
f -I- 5 < n -I- 1, and is otherwise the largest proper subdass of the product 
of Cr, c, (in mimmum incidence) It is clear that R is a group-operation of 
period n ■+■ 1, and that the simple quasi-boolean is a cyclic group with respect 
to R Contrary to what happens in boolean algebra, R cannot be expressed 
m terms of the quasi-booleah operations. 
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The definition of R is slightly more simple when n is infimte, namely 
R Cx =» c, + c, or Cf c, in the position of mimnnmi madence, according 
as Measure (r^) + Measure {c,) < or ■< Measure (c*) 

V The General Quas%-boolean Algebra 

The general quasi-boolean algebra may be defined as the vector com¬ 
pound of any number of simple quasi-bodean algebras. Si, S*, • • If s, is 
an element of S„ the quasi-boolean operations for the vectors 
= (Si, s„ .. ) , a' = s\, • • •) 

are defined by 

a == (*i, Si, • • ), ^ + o' = (*1 + Sj', Si -I- Si, • • ) 
oro' == (Si Si', SjS,', • • •) 

It is clear that a > a' only if each S{ > s/ 

A simple example of the finite quasi-boolean algebra is the algebra 
(which has been known for a long time) of divisors of a number 
N z= p^Ht, -py^r, where the p’s are distinct pnmes. The quasi-boolean sum 
and product of two divisors d^, rf, of N, are respectivdy their greatest common 
divisor and their least common multiple The qua&i-booleau negative of 

N 

any divisor d is the conjugate divisor j. The divisors of N represent in 

fact subclasses of a class with ni hke elements like elements pi, • •, 
like elements pr It may be shewn that the number of elements in the general 
finite quasi-boolean algebra must be of the form d (N) (number of divisors 
of N) and that the algebra is identical with the algebra of divisors of N 
More generally, it may be shewn that a set of elements with a reflexive 
transitive relation <, and a negation operation (d), is a quasi-boolean algebra, 
if the following postulates hold * 

(1) a< 6 &<a '5 

(2) a < 6 ^ • 6 < « 

(3) a = a 

(4) For any two elements a, b there exists a unique dement x, such that 
a<*, 6 <*,a<c» 6 <c.> • x <c 

We write * = a -H 6 

(Q) There exists two distinct dements 0, 1, such that 
0 < * < 1 for every dement * 

(6) a {b + c) "»ab + ac, where the product is defined by xy => (x -)- y). 

(7) A postulate for ensuring that the elements of a simple quasi-boolean 
algebra ate in linear order. 
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The qiuisi-boolean algebra may bo split up into its simple quasi-boolean com^ 
ponents, by a theory of minimal elements as in the case of the boolean algebra 

VI The Truth-value System 

Consider a logic of propositions with an implication-operation C 
Whatever be the meaning of iniplicaiiou, the relation of implication must 
be reflexive and transitive, and must be related to dental in such a way 
that IS logically equivalent to q C ^ p Assume further two logical 
operations V ^^nd A (corresponding to or, and and), with the properties 
pCp\/q,qCp\Jq, 
pCr qCr Q p M qCr , 

(with similar properties of /\) In the Lukasiewicz-Tarski logics p \J q is 
defined in terms of C as C y Cy 

If wc attribute to the propositions p of the calculus, a system of truth- 
values [/ (/>)], wc have to require that the logical relations and operations 
should be exactly imaged in corresponding relations and operations in the 
system (/»)] of tnith-values Hence the system \t (/>)] admits a reflexive 
transitive relation < corresponding to C, a unary operation of negation, 
corresponding to dental, and standing in such relation to < that /^ < is 
equivalent to further two operations + and x, which can be 

defined lu terms of < , by meaas of 

p<p+q,q<p+q, 

Li p <r and q <r, then p + q <r, 
with similar definitions for p q 

These facts shew that the general features of the structure of the s3rstem of 
truth-values, are such as to render the system a quasi-boolean algebra 

When the (piasi-boolean algebra is a simple one, we have the truth-value 
system of Tyiikasiewitz and Tarski 

When the (juasi-boolean algebra reduces to a two-element boolean 
algebra (which is a particular case of the simple quasi-boolean algebra), 
we have the oidinarj or classical two-valued logic 
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COEFFICIENT OF VISCOSITY OF AIR. 
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The determination of the coefficient of viscosity of air has become of 
special interest within the last few years since the suggestion of .Shiba^ (1932) 
that an error in the adopted value of this quantity was responsible for the 
discrepancy between the values of electromc charge determined by the oil-drop 
and X-ray methods vSince then, Kellstroni* (1937), Bond* (1937), Houston* 
(1937) and Rigden* (1938) have determined the value of the coeffiaent of 
viscosity, either by the capillary tube method or by the rotating-cyhnder 
method Their results when substituted in Milhkan’s data for determimng the 
electronic charge, gives a value for " e” which is in fair agreement witli the 
value of the same constant as determined by X-ray method In 1923, 
Wagrstaff* suggested a method of measuring this coefficient and in these 
investigations, his apparatus and method have been improved. The results 
of the preliminary experiments made with the improved apparatus were 
published^ in 1936, but the apparatus was further improved, and the results 
obtained are given in this paper 

I Experimental Arrangement and General Method of Work 
The apparatus used in these expenments for measuring the viscosity 
coefficient of air does not differ in pnnaple from the one used by Wagstaif, 
but devices to dehydrate the gas and to measure automatically the time 
during which the gas flows through a capillary tube have been added An 
arrangement to keep the gas at constant (atmosphenc) pressure has also 
been devised 

The apparatus may be said to consist of four parts, namely, (1) the 
exhaust chamber, (2) the reservoir of gas, (3) the dehydraling system for 
gases, and (4) the automatic device for measuring tune mtervals 

The general lay-out of the apparatus is shown in the figure and the 
inset shows details of the holder for the microscope cover-shp 

(1) The Exhaust Chamber —Wolfe’s bottles A and B form the exhaust 
chamber and their total volume is about 6,000 cc In the mouth of the 
bottle A is placed the holder for clamping the microscope cover-slip. It is 
a tightly fitting brass tube which is threaded at its upper end on its outer 
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surface On top of this tube is placed a thick copper-plate with an aperture 
of radius 0 79 cm Due care was taken that the centre of the plate was on 
the axis of the tube Over this plate a microscope cover-ship of thi c k n ess 
0 >0226 cm was placed, and the latter was tightly clamped by screwing a 
brass-cap over the tube This brass cap had an aperture of radius 0 79 cm, 
which coincided with the aperture of the plate Thus an area of 0 79 cm 
diameter was acted on by the difference of pressures of the atmosphere and 
that within the exhaust chamber 

An optically plane circular plate of the same diameter as the exposed 
part of the cover-slip was placed in the cap over the cover-slip Newton's 
nngs formed according to ordinary arrangements were observed by a micro¬ 
scope Any change of pressure within the exhaust chamber changed the 
sag of the cover-slip and the number of Newton's nngs that converged 
towards the centre were counted from which the change of pressure was 
calculated according to Wagstaff’s formula 

(2) The Reservoir of Gas —R, and R*, the reservoirs of liquid para£5in 
oil and gas respectively, are cylindncal copper vessels of about 6 htres 
capacity and tinned inside As the gas in R* is at atmosphenc pressure and 
that 111 the exhaust chamber is below that pressure, gas flows out from 
through Uj and Ug and the capillary tube, to the exhaust chamber Thus, 
the pressure within Rg should in the ordinary course decrease, but in this 
arrangement, paraffin oil flows from R, to Rg and the gas remaming m the 
latter reservoir is compressed, and the flow of paraffin is so adjusted (by 
means of the tap Tg) that the pressure remains nearly constant (atmosphenc) 
The manometer Mg, which contains liquid paraffin oil, shows the change in 
pressure, if any, in R, The use of liquid paraffin is preferable on account 
of its low coefficient of viscosity and also because its vapour pressure is 
negligible compared with other equally viscous hquids It is mteresting 
to llud that Bond* has also used paraffin oil for the same reasons, although 
it ma> be pointed out that this liquid was used even m the imtial experiments 
the results of which were published in September 1936 

(3) The Dehydrating System for Gases —^Air is led to the apparatus 
through sulphuric acid m jars Jg and Jg and is stored in the vessel Rg Air 
is then led to the exhaust chamber through the CaClg tubes Ug and Ug and 
the capillary tube Thus air passing through the capillary tube is dehydrated 
as far as is possible 

(4) Automatic Device for measuring Time Intervals —^The manometer 
Mg serves a double purpose—firstly, it shows the imtial pressure to which 
the cover-slip is subjected and secondly, it serves to complete the dectrkal 
circuit which operates the time recorder A {flatmum dectrode is fused in 
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the bend of the U-tube of the manometer, and a thick copper wire capable 
of shding m one arm of the tube forms the other electrode These electrodes, 
together with an accumulator, a pair of magnet-coils and a switch are all 
connected in senes The magnet-coils are from an electric bell, from which 
the make-and-break contacts are removed and the armature carries a sharp 
lead 'penal which can press against a drum which rotates at a very steady 
rate by means of a clockwork The pencil point draws a hne on the paper 
wrapped around the drum, only when mercury in the manometer Mi 
completes the electrical circmt The magnet-coils are mounted on a carnage 
which can move honzontally on guide-rails By means of a mechanical 
arrangement, the carnage moves honzontally simultaneously as the chrono¬ 
meter drum revolves Thus, the pencil point actually draws a spiral on the 
paper, and by previous calibration the length of the line gives the time interval 
during which the current was allowed to pass through the magnet-coils 

On an inspection of the general lay-out of the apparatus, it will be 
noticed that even if the switch S is closed, current will not be fed to the time 



General lay-out of the apparatus. Inset shows details of cover-dip holder, 

i^-Wolfes' hotUes; « 7 a*HsS 04 dehydrating Jars, Afi, Ma-Maaometera ; 

•Ri^Beservoir of Paraffin Oil i ffg-Beservoir of air; /9-49witch, JTi. Ti-Qlass 
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recorder if mercury does not complete the electncal drcoit between the 
platinum electrode and the thick copper electrode placed in the open limb 
of the manometer Mi Thus the current is fed to the time recorder as soon 
as mercury rises to a predetermined height m the open limb of the mano¬ 
meter, which can be adjusted by movmg the thick wire up or down, as 
required Again, as soon as the coils are energised by the flow of current 
through them, a hght tick is heard as the pencil point is pressed against 
the chronometer drum, which gives the signal to the observer to begmcounting 
the rings which converge towards the centre, as seen through the imcro- 
scope Thus this arrangement is automatic because the time recorder is 
put into action as soon as a predetermined pressure is reached in the exhaust 
chamber and the observer has only to open the switch to break the electncal 
circuit, after a given number of Newton’s nngs have converged to the 
centre, the time interval being marked on the paper 

After the apparatus had been set up, a special expenment was performed 
to determine Young’s Modulus for glass of cover-shp, using Wagstaff’s 
formula, which is, 

45 

" I2» N A’ 

where " E " denotes Young’s Modulus, ** / ” the thickness of the cover-shp, 
"R” the radius of the surface of the cover-shp subjected to pressure, "p' ” 
being the change in pressure when " N ” Newton’s rings of wave-length *' A ” 
converge towards the centre The value of “ E ” for glass of the cover-shp 
used 111 these experiments was 5 8 x 10*^ dynes per sq cm , and inadentally 
this experiment also gave the value of the ratio j^'/N as being 0 2136 cm of 
mercury per Newton’s nng, that is, that if a Newton’s nng converged 
towards the centre, the pressure changed by 0 2136 cm of mercury 

When an observation was to be taken, the reservoir Rj was first com¬ 
pletely filled with paraffin oil and the reservoir Rj, which was empty, was 
placed at a lower level than the former Paraffin oil is then made to flow 
from one of the tubes attached to the Y-shaped tube of the reservoir 
Rg to the reservoir R^ The glass tap Tg is then opened to the atmos¬ 
phere and as paraffin oil flowed out from the reservoir Rg its place was 
taken by air Thus when the cylinder contained no paraffin, it was full of 
dehydrated air 

The pressure in the exhaust chamber was then reduced by means of 
the filter pump and the relative heights of the mercury columns in the two 
limbs of the manometer Mj were measured by means of a carefully adjusted 
cathetometer The thick wire in the open limb of the manometer was then 
BO adjusted that its point just touched the surface ci the mercury ccduinn 
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in that limb With the ad3U5tment of the initial pressure, the barometer 
was also read, as well as the thermometer 

The flow of paraffin oil was so adjusted that the mean pressure dunng 
the experiment (in the reservoir Rg) remained at nearly the atmosphenc 
pressure and also that the difference from this pressure was as small as 
possible The tap Ts was left untouched and a pinch-cock stopped the flow 
of paraffin 

The pressure within the exhaust chamber was then reduced to a value 
slightly less than the predetermined initial pressure to accustom the eye of 
the observer to the passage of Newton's rings and also to be ready to begin 
the count as soon as the iiutial pressure was reached 

The tap T* near the capillary tube was then opened (the pmch-cock 
on the rubber tube connecting the two reservoirs having already been 
removed), gas flowed from Rg to the exliaust chamber and the pressure 
within the lattc*r increased, and Newton's nngs were seen to converge towards 
the centre As soon as the predetermined iiutial pressure was reached in 
the exhaust chamber, the time recorder came automatically into action 
After the required number of rings had converged towards the centre, 
the tap near the capillary tube was closed and the pinch-cock again applied 
to the rubber tube to stop the flow of paraffin oil Of course, the electrical 
circuit had already been broken by means of the switch S, when the last nng 
disappeared 

II The Formula Used %n Calculations 


The formula used m the determination of the coefficient of viscosity 
lb the same as that given by Waptaff, namely, 

Jb. _ 


7ra«T 
^ = -8^8“ 


P»-Pd 
hi 


los [h±P-^±PL 

^ ipt-pi-p’ pi+p, 
where the gas of viscosity " tf " flows through a capillary tube of length 
“ I ” and of radius " a ”, the total volume of the apparatus being " S ”, 
the pressure difference at the two ends of the capillary tube is ” — p^ ” 

imtially, ” pt” being the atmosphenc pressure, the gas having flowed for 
a time ” T ” during which the imtial pressure has changed by an amount 
” />' ”, the latter being given by the formula on page 174 

The total volume of the apparatus, ” S ”, was detemuned by fiUing the 
whole exhaust chamber from the tap Tx to the tap T, with distilled water, 
and then measuring its volume 

The various constants for the apparatus used in these eiqieiiments were 
as foUotvs .f- 
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Thickness of cover-shp a / = 0 0226 c m 

Radios of aperture in cap of the cover-shp holder « R = 0 *79 cm 
Young’s Modulus for glass of cover-shp (determined from eiqieximent) 
a E = 6 >8 X 10“ dynes per sq cm 
Total volume of the apparatus a S = 5,045 c c 

Capillary tubes of different lengths and bores were used (four different 
tubes), 

I/I Results 


In these experiments, the mean of three readmgs of the time interval 
for a given number of rings at a fixed imtial pressure was used for calculations, 
and the value of the viscosity coefficient of air was detenmned from eadh 
separate reading, which corresponded to a particular temperature The 
value so obtained was corrected for temperature by using the formula due to 
Millikan* (1913), namely, 

Vtio c == ’?e“ c +0 000000493 (23 — 0), 
where i; 2 ,ostands for the coefficient of viscosity of air at 23° C and 17^0 c 
for the same coefficient at d°C 

A typical set of readings (using capillary tube No S, I = 22 *46 cm. 
and a — 0 02378 cm) is given in Table I. 


Table I Temperature = 31 •4°C 
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In Table II is given the summary of results obtained in these e 3 q)en- 
ments 


Table II 


Temperature 

ff’C. 

t7(jo c X 10’ 

cgs umts 

r}ii,o c X 10’ 
c g H units 

28 8 

1863 05 

1834 456 

28 6 

1882 48 

1834 842 

28 6 

1861 80 

1834 292 

29 2 

1864 71 

1834 144 

29 6 

1867 06 

1834 522 

31 4 

1875 94 

1834 528 

28 2 

1869 96 

1834 324 

29 4 

1866 86 

1834 131 

27 0 

1853 91 

1834 186 

27 2 

1865 35 

1834 644 

28 6 

1862 02 

1834 412 

29 0 

1863 81 

1834 230 


The mean value of the readmgs in the last column gives 1723 ° c 
1834*38 X 10 -^cgs units with a variation of i 0 36 x 10 -’ cgs umts. 
Thus the mean of 94 independent readings gives the value, i/jioc == 
(1834*38 ±0*36) X 10~^ cgs umts 

The value of 17 when substituted in Millikan’s onginal data, m place of 
Harrington’s value, gives the value of the electronic charge, 

* “ (I^* X 4*77 X 10-“es. umts 
= 4 *816 = 10"“ e s. umts 


Thus, it has been possible to show that the use of this apparatus in the 
detenmnation of the coefficient (A viscosity of air can lead to accurate 
value of this constant, which in turn gives a very good value of the dectronic 
charge which agrees quite dosdy with the value found by other methods. 

AZ A 
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The authors have to express their sincere thanks to Prof G R« Paranjpe, 
Head of the Department of Physics, Royal Institute of Science, Bombay, 
for the valuable suggestions given by him during the course of the experi¬ 
ments and also for the keen interest shown by him in the work 

Thanks are also due to t)r T S Wheeler, Pnncipal, Royal Institute of 
Science, Bombay, for giving us all facilities to carry out this work 

Summary 

Using a modified form of Wagstalf's apparatus for measunng the co¬ 
efficient of viscosity of air by the metliod of interference fringes and using 
capillary tubes, the value of 7 ^ 3,0 ^ has been found to be (1834 38 ± 0 35) X 
10 -’ c g s units The value of the electromc charge, e, calculated with this 
value of 7 ; IS 4 816 x 10 ”’® es, units Both these values are m close agree¬ 
ment with those obtained recently by other workers using different methods. 

Addendum 

There is a note by Bannerjea and Pattanaik in Nature (4th June 1938, 
141, 1016) on Viscosity of Air and Electronic Charge " A similar note 
was published by the authors in Current Sctence (Majumdar and Vajifdar, 
Current Sctence, 1936, 6 , 133) 
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STUDIES IN TURBINE GEOMETRY—II. 

ON THE SUB-GEOMETRIES OF LIE WHICH BELONG 
TO THE MOBIUS-LAGUERRE PENCIL. 
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1 We have seen in the first papa of this series^ that the totahty of 
turbines in a metncal Sm may be represented by the points of a projeclave 
S*+ti the oriented spheres (which are particular turbines whose Mobius- and 
l.aguerre-spheres coincide) correspondmg to points on the hie quadnc 

Q (X, X) =* — Ao* + *1* + • • + 1* — *»»+»* =0 (11) 

The Projective Group in S„n which keeps Q invariant (the Lie Group) is 
assoaated in the sense of Klem’s Erlanger programme with Lie Geometry 
which IS the invariant theory of transformations which carry turbines into 
turbines and onented spheres into onented spheres and conserve proper 
contact Among the sub-geometries of Lie’s geometry only two have 
received detailed attention, namely, those assoaated with the sub-groups 
of the Lie Group which have the prime = 0 correspondmg to spheres 

of infinite radius, and the prime » 0 corresponding to spheres of zero 
radius as invariant primes The former of these is Laguerre's geometry of 
onented hnes and spheres, and the latter is the one based on the mveision 
group and may be called Inversion Geometry or Mobius Geometry 

In this paper it is proposed to discuss the main features of the sub- 
geometnes of Lie obtained by taking any one of the pencil of pnmes 
k (xq + Xi) -I- Xn-it » 0 as an invariant vanety, and to obtain a pnnaple 
of transference by which any result of Mobius Geometry may be associated 
with a corresponding result in any other Geometry of the Mobius-Laguerre 
penal, While the existence of these geometnes is hinted* in Prof Blasdike's 
monumental work Vorlesungen vher Dtfferenitalgeotnetru of which the third 
volume is devoted to arcle and sphere geometnes, the mtroduction of the 
turbine concept is a powerful help m giving concreteness and reahty to these 
geometries. 

* " Tbs oonoepts ot TarUiw Geometry,” Jounud of file Indian MathemaUeeU 

AwMv, Vol. lilt No. 8. This p^Mr will be relented to m T U.I The reteieace 
hM* is to pars 4. 

* NItseliks, III, 1088, p. 206. 
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Invariant Concepts of 

2 We define the geometry as the mvanaut theory of the 
(n + 1) (n + 2)/2 parameter group of projective tramformations which carry 
Q into itself and have the prime 

nt Q (X, K) s ^ (ac, + x^) - =0 (2-1) 

as an invariant prime and hence also its pole K s { — k,k, 0, 0, 0, 1) as an 

invariant point The geometries G# and Goo corresponding to * = 0 and 
k-^ oo are the geometries of Mobius and Ivaguerre respectively 

On the algebraic side, the determination of a complete system of 
invariants of a system of n oriented spheres or turbines is eqmvalent to the 
determination of the invariants of one quadratic form and a set of n + 1 
linear forms iii cogredient vanables, one associated with each turbine (by 
polarisation wrt £?), and the invariant form (2 1) 

In this geometry, oriented spheres of radius k play a peculiar rdle so 
that it IS convenient to have a special name for them We tall them k- 
spheres We shall also use a prefix k attached to any concept of Mobius or 
Ivaguerre geometry to denote the corresponding concept of G,t, e g, A-inver- 

SlOll 

Corresponding to the angle and the tangential segment which are 
invanant respectively in Go and Gq,, we have here a basic invariant which 
can be expressed either m terms of an angle or of a length which we proceed 
to define Consider two surface elements of a ^-sphere These determine 
two points F, Q and also two oriented primes p, q, one through each point 
The angle ± S between the oriented pnmes is determinate mod 2 ir and 
will be called the " angle between the two surface elements” The arc 
length s between the points P, Q measured along the great circle through 
PQ IS also determinate mod 2 irk and will be called ” the arc segment ” 
between the oriented surface elements They are connected by the relation 
that the latter is k times the former 

3 Firstly we notice that + «i) the oriented radius of the 

inner sphere of the turbme X From (2 1) we see that 

the transformattons of Gt carry every turbine of inner radius k into 
another turbine of inner radius k In particular they carry 
oriented spheres of radius k into oriented spheres of radius k (3 1) 

We have seen that in Lie's geometry and hence also in its sub-geometries 
proper contact is conserved and hence that these are essentially geometnes 
of surface elements. It is thus important to know how the surface elements 
of a ^sphere are earned over mto the surface elements of the transformed 
A-sphere Taking n neighbonnng A-spheres, these are earned over into n 
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neighbounng A-spheres In the limiting position n such spheres have in 
common a pair of diametrically opposite surface elements Thus a pair of 
diametrically opposite elements of a A-sphere correspond to a pair of dia- 
metncally opposite surface elements of the transformed A-sphere From 
this follows easily the following basic theorem of geometry 

The angle and the arc segment between tim surface elements of a k-sphere 
are invariants %n the geometry (3 2) 

If we take two oriented spheres we can in general find a A-sphere vS having 
proper contact with both The transformations of carry the two spheres 
into two others which touch S' the A-sphere which is the transform of S 
Applying (3 2) to the two contact surface elements and their transforms, we 
see that 

the angle and the arc segment between the surface elements in which a 
k‘Sphere touches two oriented spheres are invariants in (3 3) 

In Go (Mobius Geometry) the arc segment is of zero length and the angle 
(angle of intersection) is the only invariant On the other hand, in Goo 
(Ivaguerre Geometry) the angle is zero and the arc segment becomes the 
common tangential segment 

4. The Fundamental Involution I Associated Spheres and Turbines 
The involution I (projective transformation of period two) which has K 
for a fixed point and its polar prime for fixed prime carries Q into itself 
and IS called the fundamental involution I of G^ It associates oriented 
spheres m^airs in such a manner that the tangent primes at the corresponding 
points on Q meet on Interpreting this we have the result 

Two ** associated spheres 5, S' which correspond to points on 12 
collinear with K have the property that each is the envelope of k~ 
spheres touching the other Hence the spheres S, S' are concentric 
and the sum of their radii is 2A (4*1) 

In Go (Mobius Geometry) two associated spheres differ only in onentation, 
while in Laguerre Geometry the associate of every sphere is the point sphere 
/ at infinity (vide TGI 45) 

We have seen m T GI para 2, that a turbine may be defined by means 
of its inner sphere c and the tangential segment / or through its outer sphere 
C and the angle a, these two specifications using respectively the invariant 
concepts of Go and respectively Exactly m the same way, we may 
define a turbine in terms of the concepts of G^ as follows All the A-spheres 
which touch a turbine have for envelope two " associated spheres " S S' 
whose radn are k + p and A — p where 


( 4 . 2 ) 
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To obtain the turbine (c, t), we take every oriented surface demeut of S and 
shde it along the unique ^-sphere through it in all directions so that it makes 
a constant angle with its old position, in other words move it through 
a constant arc segment k j3—where 

tan P — k) (^’8) 

The same turbine may also be obtained by treating the surface dements of 
S' in a similar manner the angle and the arc segment being, however, now 
(ff — P) and k(ir~P) If the angles (or the arc s^;ments) to be taken with S and S' 
be interchanged, we shall get another turbine which is the transform of the 
original turbine in the involution I IVo such turbines correspond to points 
in S„+j colhncar with K and separated harmomcally by K and irjt When p 
IS a right angle, the two turbines coinade and the point hes on n/t so that 
the inner radius of the turbine is k From the equahty of the arc segments 
k {rr — P) and k p vre deduce that 

When a k-<iphere tmiches a k-turbtne {a turbine whose inner radius is 
k), its section with the outer sphere of the latter is a diametral section 
of the k-sphere (4 * 4 ) 

In such a case we say that the k-sphere is bisected by the outer sphere of the 
turbine In the correspondence which we shall be later setting up between 
Go and G^, iion-onented spheres of radius k correspond to pomts and their 
bisection by other spheres to the madence relation of pomts and spheres 
(vide para 7) 

Since by (3 2) the angles p ox n — P either of which may be used to 
specify the turbine are invariants in G>, it may be expected that tan* P will 
be an absolute invariant of the turbine under the transformations of 

5. Invariants of a System of Turbines. 

For real transformations of the J^ie group a singfle turbine X has but 
one invanant—the sign of Q (X X) If this is positive R* — »• = <• is 
positive and t is real, if it is negative R* < r* and t is imaginary 

In Gi a turbine X has a single absolute mvanant, namdy 

a (K, X)*/fl (X X) fl (K K) « - (f - *)«/<* (6.1) 

which represents the square of the cosine of the non-£udidian separation of 
the points K and X with Q as the absolute quadnc Its value is — cot* P 
where j3 is the angle mentioned m the previous para When the invariant 
(6 1) vanishes p =sfr/2 and the turbine has an inner radius h When it 
becomes infimte j8 — 0 and the turbme is a sphere 

For two turbines Xi »«(Cx, <i) and X| = (c,, <,) we have, besides their 
separate invariants cot* pi and cot* Pt a jomt invanant in lae’s Gemnetiy 
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and hence also m its sub-geometnes, namdy 

Q (X, (Xi XO fl (X, XJ = (<„« - /,* - (6 2) 

where is the length of the common tangential segment of Cj and c. If 
both the turbines are of inner radius k, we have a simple geometncal inter¬ 
pretation for the joint invariant (5 *2) We take a ^-sphere which has proper 
contact with both the A-turbines X^, X, and which is therefore cut by their 
outer spheres m diametral pnme sections which are respectively perpendi¬ 
cular to the lines joining its centre with those of the turbines The tnangle 
formed by the three centres has sides and tu and hence the invanant 
(5*2) IS the square of the cosine of the angle between the two diametral 
primes Since the first member of (5 2) represents the square of the cosine 
of the non-Euchdean separation of X^ and X^ with respect to the absolute Q, 
we see that 

we may identify the non-Eucltdtan separation of the points repre¬ 
senting two k-turbines with the angle between the two diametral 
prime sections of a k-sphere touching both the turbines, alot^ which 
it IS cut by the outer spheres of the two turbines (6 3) 

If the given turbines have an inner radius other than k, we have under 
an absolute invanant 

Q (Xi X,) (K K) - I? (Xi K) Q (X, K) 

~ (^n* ^1* “ 1%) ~ (h Ti) {k — fg) 

= (d* - ri* - r,* 2r,»', - 1^ - /,») - (A - rj (A - 

= 2 -f- [<i« - (ri - A)« - (r, - A)« - t^* - t,*] - (r, - A) (r, - A) 
where d is the distance between the centres of X^ and X| (5 >4) 

When the two turbines are spheres, ti and t, vanish and »4—A, r,— A, 
d are the sides of a triangle formed by the centres of the spheres and of a A- 
sphere which has proper contact with both of them Hence the invanant 
(5 4) is 4 sin* A/2 where A is the angle subtended at the centre of the A-sphere 
by the centres of the given spheres, * e , it is the angle between the surface 
elements which the A-sphere has in common with the two given spheres 

6. The non-onented Sphere in the Geometry G>. 

If we restrict ourselves to turbines of inner radius A, the representative 
point lies on nj^ and is subject to transformations induced on this pnme by 
the projective group of in the ambient space The resulting geometry 

may be considered as a geometry of non-oriented spheres m S«, since every 
A-turtdne has a non-onented Mobius sphere, and convexsdy from any non- 
orientfd sphere we may obtain a A-turlnne by associating with it a concentnc 
nmer S^lbere of radius A. The section of G by ir^ » an mvanant vanety. 
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the points on which correspond to spheres of radius k and such spheres are 
earned over into other spheres of radius k They play the same part here 
as points do in ordinary Inversion Geometry Unless otherwise stated, 
every sphere mentioned in this para is to be considered non-onented 

The fundamental operation here is " A-inversion with respect to a given 
sphere S” This is an involutonc transformation of ^-spheres into ^-spheres 
which interchanges the two A-spheres in any coaxal system of spheres of 
which S IS a member If a ^-sphere is bisected by S, then it is its own trans¬ 
form in the /v-inv ersion determined by S If we take the A-sphere as the basic 
element of the geometry G^, any sphere not of radias k may be regarded as 
the totality of A-sjjheres bisected by it In this semse S is its own inverse 
in the /v-inversion defined by it f)n tt/, R is represented by a point & which 
is not on Qf, since we suppose that S is not a A-sphere The A-inversion 
I^ (S) defined by R corresponds to the involutonc projective transformation 
of TTf which has a for fixed point and its polar variety with respect to Qj^ as 
fixed prime The points on the section of this polar pnme with Qjt corres¬ 
pond to A-spheres bisected by vS as may be seen from (4 4) More generally, 
two spheres of radii Rj, R* for which tP — <i* +i^ = Ri* + R** -- 2A* 
correspond to points conjugate with respect to Qji since when they are con¬ 
verted into A-turbines we have d — Rj* ~ A* -f ti* and R,® » A* -|- <,® 
If p, q be two corresponding points m I^ (R), the sections of by their 
polar primes are carried over into each other Thus 

7 Ac tn%>erston 1^ {S) replaces every k-’tphere by the other k-sphere 
tn the pencil of spheres determined by it and S All the k-spheres 
which arc bisected by a sphere P are earned over into k-spheres 
which are bisected by another sphere Q P and Q are then trans¬ 
forms of each other in the k-tnverston (S) 

It IS known that all projective transformations which carry a quadne 
into itself may be obtained by successive involutonc transformations of 
the type discussed above Thus the A-mversion is the basic curator which 
generates the group G,( 

7 Principle of Transference from Gg to 

Given anv theorem in Mobius geometry O®, we may express it as a 
projective relation between a set of points on the pnme irg = « 0 and 

the section Si^oi Qhy Any projective transformation between wg and 
which carries i7g into £3^ will give a configuration with the same projective 
relationship to £3^ as the onginal system had to Gg Interpreting th^e 
relations in terms of the concepts of G* we have a dual theorem in G* for 
every theorem m Gg AU that is necessary is a scheme of interpretation 
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like the one given below of projective rdations in in terms of the concepts 
of 

(All the flphorog referred to in this table are non oriented ) 


Situation in a Projeoiive i 
with an invariant qnadrio eo 


Interpretation in Gq 
fS*+i ® , ai s ^C() 


Int^rprofalion in Ok 

S„+1 STi, Oi s Qk 


Point 

Point on the quadne 

Projective separation of two 
pointR p, q with reHpoct to the 
quadno o} as absolute 

The tanjy^nt pnmo at p paasoR 
through q 

Two points p, q conjugate w r t 
the quadno 


Two points pt q whose join 
touches the quadiic 


Projeotjvo transformation of 
period 2 with p for invariant 
point and its polar prime w r t 
the quadno for fixed prime 

The automorphio group of cu m 


Sphere 

Sphere of radius zero 

Angle of intoTseotion of the 
two spheres P and Q 

The point P hos on (ho sphere 

Q 

Two spheres P, Q which are 
mutually orthogonal 


The spheres P and 4^ touch 


Mobius Inversion 


Inversion group of sphere 
geometry in 


Sphere of radius k 

The angle between the two dia 
motral scctiouH of a it sphere 
bisected by both P and Q 

The k HpUcro P is biseotod by Q 


Two spheres of radii Hi, Rj with 
their centres d apart where 
rfS zi- Ri* H - 2 

Tlie common section of P and Q is 
a spherr (m a low( r dimension) 
of radius I 

it inversion 


Iht group of the geometry 0^ 


As an example of such generahsatiou let us take tlie configuration 
formed by two Hart-tetrads of circles We have the result* — 

It is possible to find two tetrads of circles in a plane such that each 
circle of one system has with each circle of the other system a chord 
of the same length k 

In the same manner if the Miquel-Chfford configuration be considered as one 
m inversion Geometry, and generalised into a result lu G,^, we have the 
following chain of theorems* 

Take two circles Ci, C| which bisect a k-circle (circle of radius k) 
named C There is then another k-ctrde (or Cti) which IS 
also bisected by them, 

* Vide my paper, “ On a principle of duality in circle epbero and lino Geometriee,'* 
Mathematuche Zeiteehr^ft, Bd 44 , Heft 2, p 194 

* A different generallaation of the Miquel-CUffotd configuration le given in the 
paper tefoned to in the previous footnote {mde page 187). 
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If we take three circles Ci, C^, C, which bisect a k-cirde C, the ihree 
k~circles Cij, Cj*, C,i are aU bisected by a circle Cj,, 

Taking four circles Ci, Cj, Ci.CtOll of which bisect Ike k-circle C the 
four circles Cjj 4 , C # 41 , C 4 M obtained by the process mentioned 
above all bisect a k-circle and so on 
a k-circle being associated with an even number, and a circle of 
different radius with an odd number of circles C, 

When A: = 0 vve have the classical Miqud-Clifford configuration 
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Until before the War, the hydrocarbon phenanthrene which is present in 
anthracene oil or green oil to the extent of about 30 per cent, and which is 
so interesting from the theoretical point of view, was almost a waste product 
and was scarcely manufactured in the pure state In 1916, Mukherjee and 
Watson^ prepared an interesting series of vat and other dyestuffs from 
phenanthraqmnone The work was continued by Watson and Dutt,* 
Sircar and Dutt^ and Dutt,* and phenanthraquinonc was shown to be capable 
of yielding qmte an interesting array of colouring matters of great techmeal 
value, and some of these are actually being manufactured 

Chrysene or naphthphenanthxene is another hydrocarbon of coal tar 
obtained from the higher boihng fractions, which has not found any techmeal 
apphcation as yet, and as such, it has still remamed of purely theoretical 
mterest Structurally, the two hydrocarbons phenanthrene (I) and chrysene 
(II) and their oxidation products, phenanthraqmnone (III) and chrysoqm- 
none (IV) are so closely alike, that it is qmte natural to expect that chrysene 



(I) {ID Uil) (IV) 


would yield dyestuffs closely analogous to phenanthrene This was supported 
by the observations of the present authors that chrysoqmnone dyes wool 
and cotton from an alkaline hydrosulphite vat to beautiful orange shades 
The present investigation was therefore tuidertaken with the object of 
prepatix^ colounng matters from chrysene ma dbrysoqmnone The attempts 
were divided into three parts 
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A Attempts to Prepare New Hydroxy Dertvattves 

It has been shown by Mukherjee and Watson^ that the mttodiiction of 
hydroxy groups into the molecule of phenanthraqmnone even by methods of 
great value m the case of anthraquinone dyestuffs, namely by the action of 
fuming sulphuric acid and boron trioxide and also by concentrated sulphuric 
acid and manganese dioxide, was impossible on account of the ease with 
which the molecule was destroyed by oxidation by these reagents Similar 
difficulties were met with in the case of chrysoqmnone, and therefore, it was 
thought advisable to prepare the hydroxy derivatives through mtration, 
reduction and subsequent diazotisation followed by hydrolysis 

The nitration was successful, but the amines could not be obtained in 
any yield by reduction, as during the process of reduction with a metal and 
acid, the amines formed metallic complexes which were qmte insoluble in 
water and consequently could not be satisfactorily decomposed with hydrogen 
sulphide 

B Attempts to Prepare Antltno Dertvattves of Chrysoqmnone 

On account of serious difficulties in the methods to produce amino- 
derivatives from chrysoquinone, the possibihties of dyes in the form of 
hydroxy*chrysoquinones or acylamino-chrysoqmnones were out of question. 
Consequently the bromination of chrysoqmnone with formation of mono- 
and polybromo derivatives was the only practicable first step towards the 
production of anilmo-chrysoquinones It was possible to prepare three 
bromo derivatives of chrysoqmnone, two of which were isomenc monobromo 
derivatives and the third was a pentabromo denvative Prom these three 
bromo derivatives, three amhno denvatives were subsequently obtamed, 
two of which were isomeric monoanilmo denvatives and the third was a 
tetraaniUno-monobromo derivative These have got interestmg dyang 
properties and dye wool in violet shades 

C Attempts to Prepare Condensatton Products of Chrysoqmnone mth 
Aromatic Amtnes 

Chrysoqmnone condenses fairly easily with aromatic amines with formation 
of chrysophenaunes (V) and chrysoqmuone-anihdes (VI) and condensation 



(V) 


(VI) 
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products were obtained with the following amines o-phenylene-dianune, 
O'anunophenol, 1 2>naphthalencdiamine, o-anisidine, o-toluidine, m-tolmdine, 
a-naphthylamine, /3-naphthylaminc, o-phenetidine, ^-phcnetidine, anihne, 
phenylhydrazine and 2 3-diamino-phenazine The behaviour of all 
the azines and anihdes obtained in this way was normal All these compounds 
on examination were found to be good dyestuffs They dye unmordanted 
wool from an aad-bath, and also cotton from hydrosulphite vat in vanous 
shades ranging from brilliant yellow to dark violet Their absorption maxima 
range from 4,400 to 5,900 in Angstrom umts 

Experimental 

Preparation of chrysoqutnone —^The best oxidising agent for the prepara¬ 
tion of chrysoquinone was found to be sodium dichromate in glacial acetic 
acid Finely powdered chrysene (5 gm) was added to a solution of sodium 
dichromate (22 gm ) in glacial acetic acid (50 c c) and the mixture refluxed 
on a sand-bath for nine hours An equal volume of hot water was then added 
and the crystalline precipitate of chrysoquinone filtered off and recrystalhsed 
from boiling glacial acetic acid Orange-red glistening plates, melting at 
239® C Yield, 4 76 gm 

Mononttro-chrysoqmnone —Chrysoquinone (1 gm) was dissolved in 
concentrated nitric acid (S G 1 4, 10 c c) and the solution allowed to stand 
for 24 hours The mixture on dilution with water yielded the nitro-denvative 
as a yellow preapitate, which was crystallised from mtrobenzene in glistening 
yellow needles, melting at 266-67® C (Found N ** 4 86, Ci»H, 04 N 
requires N >= 4 62 per cent) 

Dinttro-chrysoqumone —Chrysoquinone (1 gm) was heated with con¬ 
centrated nitnc aad (10 c c) on a water-bath under reflux for three hours 
On cooling the solution, the dinitro denvative separated out in orange-yellow 
crystals The product was recrystalhsed from mtrobenzene m fine yellow 
pnsms melting at 236® C Yield, 0 76 gm (Found N = 8 81, CisH,0(Nt 
reqmres N 8 69 per cent) 

Tetramtro-ehrysoqmnone —Chrysoqumone (1 gm) was treated with 
faming nitnc add (SGI ’61, 10 c c ) and the resultant solution heated on the 
water-bath under reflux for eight hours On coohng the tetramtro denva¬ 
tive separated as an orange microcrystalhne powder The substance is 
insoluble in all the orgamc solvents It can only be recrystalhsed from 
fumimg nitric add in microscopic prisms, mdting above 300® C Yidd, 1 *21 
gm, (Found . N — 12’6, CiBH 40 toN 4 requires N » 12*78 per cent) 

Monobrotno-chrysoqutnone (A)—Chrysoqumone was dissolved in mtro¬ 
benzene (1 gm in 20 c c) and the solution treated with bromine (1 c c) m 
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the same solvent (10 cc) The mixture was heated on an oil-bath under 
reflux at 110° C for two hours On cooling the monobromo compound 
crystallised out in yellow ghstemng leaflets melting at 246° C (Found 
Br = 24 1 , CigHeBrOa requires Br = 23 7 per cent) 

Monohromo-chrysogutnotte (B) —This substance was prepared in the 
same manner as the above-mentioned compound with the exception that 
glacial acetic acid was used as the solvent instead of nitrobenzene The 
substance crystallised from glaaal acetic acid in ghstening yellow needles 
melting at 218° C (Found Br — 24 08 , CigHyBrOi requires Br = 23 7 
per cent) 

Pentahromo-chrysoqmnone —Chiysoqumone (1 gm) was heated with a 
large excess of bromine (5 c c) in a sealed tube under pressure at 100° C 
for SIX hours The product was crystallised from nitrobenzene in ghstemng 
orangc'-yellow leaflets melting above 300° C (Found Br = 64 8, 
CigHjBrjOj requires Br -=^ 64 3 per cent) 

Monoanthno-chrysoqutnone {A) —This was obtained from monobromo- 
chrysoquinone (A) by treatment with aniline in presence of copper-bronze 
according to the well-known method of Ullmann The aiulmo compound 
was crystallised from a mixture of mtrolienzene (1 part) and glacial acetip 
acid m dark brown microscopic needles melting at 210-12° C (Found 
N -- 4 17 , CggHijOgN requires N «4*01 per cent) 

Monoamlmo-chrysoqutnone (B) —^This was prepared from monobromo- 
chrysoquinone (B) m the same way as the above-mentioned compound 
It could not be crystallised, but was purified from alcohol The sutetance 
IS a dark green powder melting at 153-55° C (Found N »4 *47 , 
CigHigOgN requires N = 4 01 per cent) 

Teiramltno-bromo-chrysoqutnone —^This was obtained from pentabromo- 
chrysoquinone by Ullmann’s reaction with anihne in the usual manner. 
It could not be crystallised, but was purified by solution in mtrobenzene and 
precipitation with alcohol It is a dark brown powder melting at 291-93° C 
(Found N = 47 , CnHigOgNgBr requires N =7-98 per cent) 

Chrysophmaztne —This was obtained by condensation of chrysoqmnone 
with o-phenylene diamine in molecular proportions in boding glacial acetic 
acid solution It crystallised from mtrobenzene in glistemng yellow needles 
melting at 207-08° C and from glacial acetic aad in bnght yellow pnstns 
melting at 199°C (Found N = 8 08, CggHuN, requires N -8*48 per 
cent) 

Chryso-\ 2-naphihaz*ne —^This was obtained in a similar way to the 
above, by using 1 2-naphthalene-diatiune m place of o-phenylenediamine 
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It crystallised from boiling toluene m bright yellow needles with a silky 
lustre M P 238® C (Found N = 7 23 , CmHuNj, requires N — 7 36 
per cent) 

Chrysophenoxoztne —^This was obtained by condensation of chryso- 
qmnone (1 mol) with o-aminophenol (2 mols) in hot glacial acetic acid 
solution The dark brown precipitate obtained by pouring the reaction 
product into water was crystallised from alcohol in brown microscopic 
needles melting at 236° C (Found N --6 5, CigHtoOtN, requires 
N = 6 8 per cent) 

Chrysoqmnone-dx-antltde —This was obtained by the condensation of 
chryboquinone with excess of aniline in glacial acetic acid solution The 
reaction product was poured into dilute hydrochlonc aad and the precipi¬ 
tated compound crystallised from a mixture of equal parts of nitrobenzene 
and alcohol in dark brown microsc'opic needles melting at 228-29° C 
(Found N =6'42, CS 0 H 20 N 2 requires N = 6 86 per cent) 

Chrysoqutnone-dt-o-lolmdxde —This was obtained from chrysoquinone 
and o-toluidine in a similar way to the above Brown needles melting 
above 300° C (Found N = (i «6 , C 3 aH 24 N 2 reqmres N = 6 4 per cent) 
Chrysoqmnone-dt-m-tolmdtde —Obtained from chrysoquinone and m- 
toluidme as above Brown needles meltmg at 163-66° C (Found N = 
b 24 , CaaHaaNa requires N - 6 4 per cent) 

Chrysoqmnone-dt-o-amstdtde —This was obtained by condensing chryso¬ 
quinone with excess of o-amsidine 111 boihng glaaal acetic acid solution 
After refluxing for three hours, the product was poured into dilute hydro¬ 
chloric aad, and the precipitate crystallised from a mixture of equal parts 
of nitrobenzene and glacial acetic acid in dark brown needles M P 160-63° C 
(Found N =6*92, CS 2 H 24 N 2 O 2 requires N = 6 66 per cent) 

Chrysoquttwne-dt-o-phenehdtde —Chrysoqumone (2 gm) was directly 
condensed with o-phenetidine (6 gm) by heating under reflux for three hours 
The product was poured into dilute hydrochlonc aad and the precipitated 
compound crystallised from alcohol M P 188- 90° C (Found N — 6 44 , 
requires N = 6>6 per cent) 

Chrysoqmnone-dt-^-phenettdtde — This was obtained from dirysoquinone 
and ^phenetidide in the same way os above M P 206-07° C (Found * 
N s: 6.66 ^ C| 4 Hh 02 N 2 requires N = 5 *6 per cent) 

Chrysoqmnone-dt-a-ntaphthyhnude —^This was obtained from chryso¬ 
quinone and a-naphthylamme by condensation in hot glaaal acetic aad 
solution, in the usual manner The product crystallised from a mixture 
of equal volumes of nitrobenzene and glaaal acetic aad in dark brown 
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needles mcltmg at 198-200* C (Pound N = 6 32 . C„H, 4 N, requires 
N =6*47 per cent) 

Chrysoquvnone-dt-^-naphthyhmtde —This was obtained from chryso- 
quinonc and j8-naphthylaminc in the same way as the above M P 203* C 
(Found N = D 83 , requires N = 6 47 per cent) 


Propertie<i of the Chrywqmnone Dyestuffs 


Name of compound 

(c q — cliryBoquinone) 

Shade of dyeing on 
wool from acid-bath 

Shade of dyeing on 
cotton from hydro- 
Bulphito vat 

Absorption 
maxima in 
wave lengths 

ChryBoqumono 

Light yellow 

Orange yellow 

4400 

Mononitro-c q 


flight orange 

4400 

Dmltro-c q 


Light brown 

4560 

Tetronitro-c q 


Light brown 

Insoluble 

Monobromo-c q (A) 


Light yellow 

4350 

Monobromo-c q (B) 

« • 

liight yellow 

4400 

Monoauilmo-c q (A) 

Dark neutral grey 

Dark gfrey 

5850 

Monoanillno-c q (B) 

Dark reddish-violet 

Brownish-violet 

5000 

Tetranilinobiomo-c q 


Bottle green 

Insoluble 

ChryiKiphenaasine 

Greenish-yellow 

Greenish-yellow 

4350 

Chrysonaphthazino 

Oreenisli-yellow 

Greemsh-yellow 

4350 

Chrjroophenoxazine 

Orange-yellow 

Orange-yellow 

4350 

C q -dianihdc 

Medium yellow 


4850 

C q -di-o-iolutdido 

Medium yellow 
(broken tones) 

• 

4970 

C q -di-m-toluidldo 

Dark neutral-grey 


4000 

C q -di*anisldido 

Medium grey 


5870 

C q -di-c-phonetidide 

Dark neutral-grey 

• 

5000 

0 q -di-p-phenotidide 

Greylah-yellow 


Insoluble 

Ciiryflo-2 3-diamido- 
phenazinoaxlne 

Dark roddlah-vlolet 


6060 

C q -di*a-naphthylimide 

Dark violet-red 


6270 

C q.-di-jS-naphthylimide 

Light violet 


5100 

C q -di^phenylhydraaone 

Dark brown 

• 

5150 
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Chrysoqmnone-dtphenylhydrazone —This was obtained from chryso- 
quinone and excess of phenylhydrazine in glacial acetic acid solution, in the 
usual manner It crystallised from a mixture of equal parts of nitrobenzene 
and glacial acetic acid in dark brown microscopic needles melting at 
228-29® C (Found N = 12 65 , requires N = 12 78 per cent) 

CAryso-2 ^-diamtdophenaztneaztne —This was obtained from chryso- 
qumone and 2 S-diamidophenazine by condensation in glacial acetic acid 
solution The substance was crystallised from nitrobenzene in almost 
black needles melting above 300® C (Found N = 12 8 , C 3 oH,eN 4 requires 
N =12*9 per cent) 

IIEFKHBNCKS 

1 Mukherjee and Watson, J Chem Sue , T , 1916,109, 617 

2 Watson and Duit, tZud , 1921, 119, 1211 

3 Hircar and Dutt, ihtd , 1022,121, 1944 

4 Outt, , 1022, 121, 1951 



STUDIES IN THE FRIEDEL-CRAFTS REACTION. 


Part IV. The Action of Acetyl Chloride and Acetic Anhydride on 
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Phcnouc ethers have been coudemed with acetyl thlonde and acetic 
anhydride m the presence of anhydrous alununiumchlonde with the formation 
of methoxy-acetophenones which, on demethylation, give their hydroxy- 
derivatives The literature is very ‘•canty with regard to the use of free 
phenols in such condensations As we required O-hydroxy-acetophenones 
and their substitutuion products for the coumann as well as the chromone 
synthesis, we thought that the best method would be the application of the 
Friedel-Crafts Reaction to the free phenols themselves The Nencki Re¬ 
action^ which usually gives this type of ketones does not give a good yield 
when higher fatty acids or aromatic acids are used 

An additional point of interest attaches itself to the use of resoremol 
and its derivatives m this type of condensation from the view-pomt of substi¬ 
tution Resorcinol (or 1 3-dihydroxy-benzene) undergoes monosubstitution 
at position 4 (B-substitution) and not at position 2 (Y-substitution) because 
the former position receives a greater amount of electron-accession from the 
two hydroxyl groups than the latter The second substituent takes up again 
position 6 (ji-position) and not position 2, which is attacked only when 
positions 4 and 0 are occupied Baker and co-workets* have brought for¬ 
ward some evidence of y-substituion m the case of certain denvatives of 
resacetophenone, and our object has been to see whether /-substitution 
would take place in the case of resorcinol or its monosubstitution derivatives 
With this object in view, we have condensed resorcinol, 4-ethylresorcmol, 
j3-methylresorcylate, resacetophenone (4-acetylresoranol) and oremol with 
either acetyl chlonde or acetic anhydnde with the following results — 

Resorcinol and acetyl chloride gave 4-acetyl resoremol unaccompamed 
by any trace of 2-acetylresorcm Similarly 4-ethylresorcinol yielded 2 4- 
dihydroxy-5-ethylacctophenone, not a trace of the isomeric 2 6-dihydioxy-3- 
ethylacetophenoue being formed An authentic specimen of the latter ketone 
194 
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was synthesised from methyl 2 4-dihyTdozy-6-ethylbenzoate and acetyl 
chloride in the presence of anhydrous alumuuum chlonde, hydrolysing the 
resulting ester, and decarboxylating the corresponding aad The same 
ketone was also obtained from Shah and Samant’s* 7-hydroxy-6-ethyl-4- 
methyl coumann by Limaye’s process * Incidentally we have studied some 
of the properties of 8-acetyl-7-hydroxy-6-ethyl-4-methyl coumann. e g, the 
preparation of functional denvatives, bromination and hydrolysis of the 
bromocoumarin 

j8-Methylresorcylate did not condense with acetyl chlonde at the ordi¬ 
nary temperature, but acetic anhydride at 100“ gave methyl 2 4-dihydroxy- 
5-acetyl benzoate unaccompanied by any detectable trace of the isomcnc 
methyl 2 4-dihydToxy-3-acetyl benzoate The constitution of the ester was 
proved by following the method of Liebermann and Lmdemann ^ 

Resacetophenone and acetic anhydride gave an equimolecular mixture of 
2 4-diacetyl- and 4 6-diacetylresorcinols Orunol reacted with acetyl chlonde 
giving mainly orsacetophenone (2 4-dihydroxy-6-methylacetophenone) to 
gather with a small amount of 6-hydroxy-4 7-dimethyl coumann which could 
arise only from the isomeric 2 6-dihydroxy-4-mcthyl-acttophenone, by the 
acetylation of one of the hydroxyl groups and subsequent nng-closure 

Thus we conclude from out experiments that resacetophenone and orci- 
nol are the only two resorcinol denvatives which undergo y-substitution 
side by side with the normal reaction (B-substitution) Baker {loc ctl ), 
while studying the intramolecular rearrangements of certain resacetophenone 
denvativ&s, has made similar observations Instances of ^-substitution in 
the case of orcinol exist in hterature Thas it undergoes the Pechmann Re¬ 
action with open-chain as well as cyclic B-ketomc esters giving 5-hydroxy- 
coumanns as observed by Dey*, and Ahmad and Desai,^ though mahe acid 
gives the 7-hydroxy-coumarin By condensing oremol with glaaal acetic 
acid in the presence of phosphorus oxychlonde, Rasinski* obtamed a ketone 
which was proved to be 2 6-dihydroxy-4-methyl-acetophcnone by Lud- 
winowsky and Tambor* Recently Shah and his co-workers*® have brought 
forward the evidence of y-sufastitution in resorcinol denvatives, in course of 
studying Pechmann and Gattermaim Reactions We are busy extending 
these observations to jS-resorcylaldehyde, 4-mtroresorcinol, 4-cyanoresorcinol 
and orcinol denvatives 

Experimental 

CondetuaHoti of acetyl chloride mth resoranol — 

A inixttire of resorcinol (5*9 g), acetyl chlonde (3*3 cc), anhydrous 
alumfnihm chlonde (6 >9 g) and nitrobenzene (60 c c) was kept at the ordinary 
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temperature for 24 hours After decomposing alumuuum chloride mth 
dilute ice-cold hydrochloric acid, the nitrobenzene was removed in steam and 
the precipitate obtained on cooling was collected, dried and crystallised from 
benzene, when colourless needles melting at 146° were obtained This was 
identified as resacetophenone by mixed m p with an authentic specimen 
prepared by Naticki’s method (yield 65 tier cent) The aqueous mother-hquor 
was saturated with salt, and extracted with ether The gummy residue, on 
purification through the alkali treatment gave only resacetophenone, and no 
detectable trace of 2-a(.etylre.sorcinol 4-Kthylresorcinol, on similar conden¬ 
sation with acetyl chloride, gave 2 4-dihydroxy-5-ethylacetophenone,*^ and 
not a trace of the isomenc 2 6-dihydroxy-3-ethylacetophenone, which was 
synthesised as follows 

Synthesis of 2 &-dthydroxy-Z-ethylacetophenone — 

{A) A solution of methyl 2 4-dihydroxy-6-ethylbenzoate (2 g) and acetic 
anhydride (1*2 c c ) in dry mtrobenzene (10 c c) was added to the solution 
of anhydrous aluminium chloride (3 *6 g) in mtrobenzene (30 c c) with 
cautious cooling, and the mixture heated in an oil-bath at 110° for two hours 
Excess of aluminium chloride was decomposed by dilute, ice-cold hydro¬ 
chloric acid, and the nitrobenzene steam distilled off The solid obtained on 
cooling crystallised from dilute alcohol in colourless needles melting at 76° 
(Found C, 60 4 , H, 6 1 , CisHjtOs requires C, 60 6 , H, 6*9 per cent) 

Methyl 2 i-dihydroxy-i-acetyl-S-^hytbenzoate is volatile in steam, and is 
shghtly soluble in petrol and hexane, but very easily soluble in benzene, 
acetic aad, acetone, and alcohol Its alcohohe solution gave a dark-violet 
colouration with aqueous feme chlonde 

Hydrolysis of the above ester mth caustic soda to 2 i-dthydroxy-Z-ethyl- 
acetophenone — k solution of the ester (1 g) in 10 per cent caustic soda (10 
c c) was heated on sand-bath, for two hours, and aadified with dilute hydro¬ 
chloric acid on cooling The precipitated solid was treated with cold sodium 
bicarbonate solution and the residue cyrstalhsed from dilute alcohol when 
yellowish needles melting at 135° were obtained (found C, 66 4, H, 6 8, 
CioHiiO, requires C, 66 6, H, 6>6per cent) More of the same ketone was 
obtained on extracting with ether, the acid mother-liquor saturated with 
sodium chloride The alcoholic solution of the ketone gave green colouration 
with ferric chloride, while it dissolved in concentrated sulphunc aad with 
a yellow colour 

Ihe semtearbazone, prepared m the usual manno', crystallised from 
alcohol in needles melting at 262° (Found C, 56 *3 , H, 6 *4 ChHmOiNs 
requires C, 65 7 , H, 6 *3 per cent) On condensing this ketone with acetic 
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anhydride m the usual manner, 2 6~dtacetyl-^ethylresorctnol was easily 
obtained, and this crystallised from dilute alcohol in fine, colourless needles 
melting at 76° This was appreciably volatile in steam, and was fairly 
soluble in petrol, and hexane Its alcohohc solution gave dark reddish- 
brown colouration with aqueous feme chlondc (Found C, 64-6, H, 
6 -2 , CijHu 04 requires C, 64 >9 , H, 6 *3 per cent) 

The semtearbozone crystallised from alcohol m pale-yellow needles 
melting at 267° 

(B) Preparation of Q-ethyl-l-hydroxy-A-methyl coutnann — A mixture of 
ethylresorcmol (10 g), acetoacetic ester (10 g) and 73 per cent sulphunc 
acid (50 c c) was left for 24 hours at the ordinary temperature, and 
poured over ice The crude solid melted at 208°, but on crystallising it 
from alcohol, white needles melting at 213° were obtained (yield 80-85 
per cent) This coumarm has been prepared by Shah and Samant, and also 
Chakravarty {loc ett) The methyl ether, prepared by the usual method, 
crystallised from dilute alcohol in colourless needles melting at 160° 
(Found C, 71 2 , H, 6 6 . Ci*Hi*Oa requires C, 71 6 , H, 6 4 per cent) 
The carboethoxy denvative was obtained by gradually treating the solution 
of the coumann (0 2 g ) in 10%, caustic soda (5 t c) with ethyl chlorocarbon- 
ate (2 c c ) The precipitated solid, after tnturation with alkah, ciystalliscd 
from dilute alcohol m colourless needles melting at 144° (Found C, 64 9, 
H, 6 0 , CiiHigOj reqmres C, 65 2 , H, 5 8 per cent) 

Attempts to bnng about the Fnes Transformation of the carboethoxy 
derivative by using either anhydrous aluminium chlonde or zinc chloride 
were not successful 

The acetyl derivative crystallised from dilute alcohol in prismatic needles 
melting at 143° (Found C, 68 1, H, 5 9 , Cj 4 Hjt 04 reqmres C, 68 3 , 
H, 5 7 per cent) 

Synthesis of 6-acetyl-7~hydroxy'6-ethyl-i~methylcotmann —^An intimate 
mixture of 7-acetoxy-6-ethyl-4-me^ylcoumann (10 g) and finely powdered 
anhydrous aluminium chloride (25 g) was heated in an oil-bath at 140-50 for 
one hour After decomposing the alumimum chlonde with ice-cold hydro- 
chlonc amd, the sohd was dissolved m sodium carbonate solution, and acidified 
with concentrated hydrochlonc acid The coumann crystallised from 
dilute alcohol in straw-coloured needles melting at 139° The alcohohc 
mother-hquor on evaporation left a residue (mp 105-10°), which was 
treated with benzene to dissolve the coumann mp 139° The benzmie- 
insolttUe portion proved to be the onginal 7-hydroxy-6-ethyl-4-methyl- 
oouibatin (yidd 90 per cent), (Found C, 66 <4, H, 6 *0, Ct 4 Hi 404 requires 
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C, 68 3 , H, 5 7 per cent) It dissolved in alkali with a yellow ccdoor, and its 
alcoholic solution gave blackish-violct colour with feme chlonde It did not 
give the acetyl, methyl and carboethoxy denvatives by the usual methods 

The semtearbazone did not melt upto 290° 

The Kostaneckt Reaction with i-methyt-6-ethyl 7-hydroxy-8-acetyl coumann 
and synthesis of 4 2'-dtmethyl-<i‘-ethyl-Z-acetyl-coumarmo (7 8)-y-pyrone —The 
mixture of the coumann (1 g), acetic anhydnde (7 c c) and anh>drous sodium 
acetate (2 6 g) was heated m an oil-bath at 176-80° for ten hours 
The solid obtained by decomposing the mixture with water was filtered off 
and treated with 5 per cent NaOH solution to remove the unchanged 
coumann The coumanno-y-pyrone crsrstallised from benzene in colourless 
needles melting at 192° Its alcohohe solution did not give any colour with 
FeCla solution It dissolved in sodium hydroxide ^^olution on warming, 
while its solution m concentrated sulphunc acid was yellow (Found 
C, 69 0 , H, 5 t), CtaHjgOa requires C, 69 2 , H, 6*1 per cent) 

Hydrolysis of i-methyl-d-ethyl-T-hydroxy-S-acetyl coumann with 2N-NaOH 
—A solution of the coumann (1 g) in 2N-caustic soda (15 cc) was heated 
on sand-bath under reflux for three hours, and the cooled solution was 
aadified with dilute hydrochloric acid The filtered sohd was shaken up 
with 2 per cent sodium bicarbonate solution, and the residue crystallised from 
alcohol, when yellowish needles melting at 138° were obtained This hydroxy 
ketone was identical with the one prepared by hydrolysing the condensation 
product of methyl 2 4-dihydroxy-5-ethylbenzoate with acetic anhydnde 
On LOiidcnsing it with acetoacetic ester in the presence of cone HtSO^, the 
coumann (m p 139°) was obtained 

Bromtnaiion of 4~methyl-^ethyl-l-hydroxy-6-acetyl-coumartH to 3-bromo- 
i-methyl-Q~ethyl-l-hydroxy-6-acetyl-coumann —^The solution of the coumann 
(2 g ) in glacial acetic acid (25 c c ) was gradually treated with a solution of 
bromine (2 6 c c ) in glacial acetic acid (10 c c) The mixture which became 
warm immediately, was exposed to bnght sunhght for one hour, and the 
crystalline solid that had separated out was filtered off The crude sohd 
(m p 176°) crystallised from dilute acetic aad in colourless needles melting 
at ] 80° The glaaal acetic acid mother-liquor, on dilution with water, gave 
a further amount of the bromo-compound contaminated with the original 
product (Found Br. 24 8, CitHnOtBr reqmres Br, 24 6 per cent) 

Hydrolysis of the bromo-coumann by sodium carbonate solution—A 
solution of the bromo-coumann (2 g) in 5 per cent sodium carbonate solution 
(35 c c) was heated on sand-bath under reflux for two hours, cooled and 
extracted with ether The ethereal sdution gave, on the removal of the 
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solvent, a solid which crystallised from methyl alcohol in yellowish needles 
melting at 66® This was Z-inethyl-^eihyl-&-hydroxy-l~ttcelyl-couinarone, 
because it was also obtained by the decarboxylation of the coutnartltc acid 
descnbed below (Found C, 7J 4, H, 6*6. Ci 3 Hi 40 a requires C, 71*6, 
H, 6*4 per cent) 

The coumarone was soluble in hot caustic soda Its alcoholic solution 
gave green colouration with FeClj It could not be methylated, acetylatcd 
or carboethoxylated by the usual methods 

The semtcarbazone crystallised from alcohol in small plates unmelted 
below 290® (Found C, 60 7 , H, 6 3. Ci«H„0,N, reqmres C, 61 1 , 
H, 6 2 per cent) 

The sodium carbonate solution, on acidification with concentrated 
hydrochloric acid, gave a solid which dissolved almost completely in the 
cold 2 per cent sodium bicarbonate solution On acidification of the filtered 
solution, 3-metliyl-5-ethyl-6-hydroxy-7-acetyl-coumanhc acid melting at 
204-06° (decomp) was obtained The acid could not be satisfactorily 
crystallised from any solvent (Found C, 63 8 , H, 5 4 , Ci 4 H, 40 j requires 
C. 64 1 , H, 6-3 per cent) 

Condensation of methyl-^-resorcylate mth acehc anhydride —^The conden¬ 
sation of methyl-j3-resorcylate with acetyl chlonde at the ordinary tempera¬ 
ture did not take place appreciably The following method usmg the acetic 
anhydnde was found to give the best yield of methyl 2 4-dihydroxy-6-acetyl 
benzoate after a number of tnal experiments 

A solution of anhydrous aluminium chlonde (7 g) in mtrobenzene (60 c c) 
was added to the solution of methyl-/8-resorcylate (4 g) and acetic anhydnde 
(2 >5 g) in mtrobenzene (20 c c) and the mixture was heated on water-bath 
for four hours After decomposing the alummium chlonde with ice-cold 
dilute hydrochlonc aad, the mtrobenzene was steam-distilled off, and the 
residue filtered off On purification through alkah treatment, the crude 
solid melted at 108-12° On refluxing with hexane, the hexane-soluble 
portion crystallised in colourless needles mdting at 124° mixed melting 
point with anhydrous methyl-/3-resorcylate m p 124° was 98-100° (Found 
C, 56 8, H, 4-8, Calc for CjoHioO. C, 87*1 , H, 4-9 per cent) 

The hexane-insoluble portion was treated with warm benzene which 
dissolved a portion of the residue The sohd obtained on the removal of 
benzene melted at 266°, and was identical with 2 4-dihydroxy-6-acet>l- 
benzoic acid descnbed bdow 

Hydrolysis of the ester to the acid —^A solution of the ester (1 g) m normal 
BodiuiDi hy^oxide (10 c c) was heated on sand-bath under reflux for three 
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hours On acidification, the free acid which was identified as 2 4-dihydToxy- 
6-acetyl-benzoic acid crystallised from dilute alcohol in small needles 
melting at 256° On heating the acid in an oil-bath at 250°, much of the 
product sublimed , and the sublimate (m p 146°) was identified as resaceto- 
phenone by a mixed melting xioint (I,iebermann and l^indemann (Zoc cit) 

Condensation of resacetophenone with acetic anhydride —Resaceto- 
phenone did not condense with acetyl chlonde at ordinary temperature 
The following conditions gave the best result with acetic anbydnde 

A solution of anhydrous alumtmum chlonde (16 g) in mtrobenzene 
(100 c c) was added to a mixture of resacetophenone (8 g), acetic anhydnde 
(6 g) and nitrobenzene (35 cc), and the resulting mixture was heated in 
an oil-bath at 105-10° for two hours After decomposing the alumimum 
chlonde, nitrobenzene was cautiously steam-distilled off (Care was taken 
to see that 2 4-diacetyl resorcinol does not volatilise away) The sohd 
obtained on cooling was filtered oil, and the mother-liquor was extracted 
with ether after saturating it with salt The sohd residue was first boiled 
with 10 per cent NaOH, as it was sticky, and the solid recovered after 
aadification with concentrated hydrochlonc acid The dry sohd was first 
extracted with benzene in which most of it dissolved The benzene solution, 
on cooling, deposited 4 6-diacetylresoranol melting at 185° (1 5 g) The 
benzene was removed from the mother-hquor, and the residue extracted 
with hexane The hexane solution, on coohng, deposited 2 4-diacetyl- 
resorcinol melting at 85-86° (1 <6 g) Authentic speamens of 4 6-acetyl> 
rcsoranol and 2 4-diacetyl resorcinol were pr^ared for comparison by 
following Baker's directions (foe cit) 

Condensation of orctnol with acetyl chlonde —Oranol (6 g) dissolved in 
nitrobenzene (25 c c) was added to the solution of aluminium chlonde 
(6 5 g) in mtrobenzene (60 c c) and finally acetyl chlonde (6 g) was 
cautiously added After keeping the mixture for 24 hours, and decom¬ 
posing the alumimum chlonde with ice-cold hydrochlonc aad, the mtro¬ 
benzene was steam-distiUed oi!, and the sohd filtered and dned A consi¬ 
derable portion went in solution m benzene leaving a small residue (0«6 g) 
melting at 230-35° On recrystalhsation from dilute alcohol, it melted 
at 258° and was identified as 4 7-dimethyl-5-hydroxy-coumann by 
comparison with an authentic speamen 

The benzene solution, on concentration and cooling, deposited glistening 
plates melting at 169-60°, and was identified as orsaceti^henone, by its 
properties (4 g) A small amount of orsacetophenone (0*6 g) was also 
recovered by extracting with ether the original mother-Uquor 
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Summary 

Acetyl chloride and acetic anhydride have been condensed with resorcinol 
4-ethylresorcinol, methyl /S-resorcylate, rcsacetophenone and orcinol m 
the presence of anhydrous aluminium chlonde and it is found that rcsaceto- 
phenone and orcinol show evidence of y-substitution side by side with usual 
j3-substitution Two independent methods of synthesising 2 6-dihydroxy- 
3-ethyl-acetophenone have been worked out, as this unknown ketone was 
required during the course of the work 
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/ Das Gletchungssystem 

(Xi 1 X,+ X3-)-X*+Xs+X,+ X, -0 
^ Xi» -I- X/ + Xs* I- X.» + Xs’ -1- X,’ + X,» - 0 
( X,® f Xg« ^ Xg® + Xg® + Xj® 4 X,® f X,® — 0 m ganzen rationalen 

Zahlen 

(a) Hs seien a und h beliebige ganze Zahlen Wir betzen nun 
A =«®+a®6 11 a»6»-llaft*-36®, 

B - 2 a«ft + 2 a»ft*- 8 a»6»- 8 aft*- 2 ft®, 

C --= - a*ft - a»ft*- 2 a*ft*- 3 aft*- ft®, 

D = - a»- a*ft - 8 a*ft»- 10aft*- 3 ft*, 

K ^ - a«- 2 a*6 + a»ft*- 2 a*6»- 6aft*- 2 ft®, 

1.' = - a*6 - 4 a»ft*- 7 a*6»- 4aft*- ft®, 

G - a®+ 2 a*ft - 2 a»ft*- 11 a*ft»- 8 aft*- 2 ft®, 

H -- - a*- 2 a*ft - 3 a*ft»- 6aft*- 2 ft®, 

J « a*ft 4 2 a®ft*- 7 a*ft*- 10 aft*- 3 ft®, 

K =a‘-b2a*6 -3a»ft*- 12a®ft»-9aft*-2 ft®, 

L = a®+ a*6 - 2 a>ft»- C a*ft*- 4 aft*- ft®, 

M = a*6 - a*ft - 12 a®ft*- 11 aft*- 3 ft®, 

N = - 2a*6 -4a»ft»-6a*ft»-6a6*-2ft®, 
p « _ a»- a*ft + 3 a*ft®- 3 aft*- ft* 

(j3) Nun gilt die Identitht 

■A+B+C+D+E+K+G«H+J+K+L+M +N+P 
A*+B*+C»+D*+E*+F*+G»= H*+K*+1,®+M»+N®+P® 
A®+B»+C»+D®+E»+P-b G®« H»+J®+K»+I,»+M»+N»+P» 

' A*+ B«+ C*+ D*+ E*+ F*+ G*= H*+ J*+ K*+ E*+ M*+ N»+ V* 
A* + B» + C® + D® + E® + F® + G®» H® + J® + K® + E® + M® + N® + P» 
A* + B®+ C® + D® + E» + F® + G®= H®+ J®+ K®+ E®+ M®+ N®+ P. 
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Diophanttsche ProbUme 203 

Srtrf man nun S - ^4^ -=+”=?-+“= “-t-I'= 5+K _ 

A J J 2 J 

p 1 T G 4“ H 

—■— — -- 2 —, dann bekommt man, wenn man (S — A)“ + (S — B)" 

+ (S - C)« + (S - D)« + (S - E)« + (S - F)« + (S - G)» = (S - H)» 
+ (S - J)« + (S - K)« + (S - L)» + (S - M)“ + (S - N)« + (vS - P)« 
fux n 2, 3, 4, 6, 6 setzt und wenn man die Glieder nach der Gro/3k 
ordnet, Relationen von der Form 

(y) Xi«+ X,«+ X,»+ (- X«)- + (- X,)»4 (- X,)«+ ( - X,)*= X^" 
+ X,«+ X,«+ X4«+ (- X,)“+ (- XJ«+ (- Xi)»fur« - 3. D 

Daraus folgt 

(Xi +X,+ X,+ X4+X,+ X,+ X, =0 
^Xi*+ X,»+ X,*+ X4*+ X,»+ X,»+ X,» = 0 
(Xi»+X,»+ X,*+ X4«+ X.-'H- X,»+ x,‘ - 0 

(Siehe " A Moessner , Zahlentheoretische Untersuchungen ” m The 
Tohoku Mathematical Journal, Vol 39, Part 11) 

(S) Exempel Setzt man a — Z, b — I, so bekommt man die Identitat 
1”+ 109"H- 119"+ 363"+492"4-640"+ 666" = 24*+40"+188"+317“+661" 
+ 571"+ 679" fiir « =1,2, 3, 4, 6, 6, wenn man zu jeder Base der gewon- 
neuen Glieder die Zahl 463 addiert und dann die Glieder nacb der Gro/3e 
ordnet [also eine Identitkt, wie unter gezeigt] NB —^Die gleichmassige 

additive oder subtraktive Veranderung der Basen ist bier zulassig, denn 
GiltA"+B« + C« + D" + E"+F"+ G"=H" + J"+K"+E"+M"+N«+ P" 
fbr n = 1, 2, 3, 4, 6, 6, dann gilt nach einem bekanntcn Satze der Zahlen- 
theorie auch (A ± «)"+ (B ± *)“+ (C 4 *)"+ (D j *)" + (E + ;r)"+ (F ± x)” 
+ (G ± *)"== (H ± *)"+ (J ± *)"+ (K ± *)"+ (E ± *)”+ (M 4 «)" 
+ (N ± *)"+ (P ± *)" ffir n = 1, 2, 3, 4, 6, 6 bei beltebtgem x 

(e) Aus dem Exempel unter (o) ergibt sich S ■« —^— =-- 

_ 119 + 661 863 + 317 492 + 188 _ 640 + 40 _ 666 + 24 _ 

2 2 ”2 ” 2' ‘ 2 " — 

Man bdcommt also 389* + 231" + 221" = 23" +162" + 300" + 316" fbr 
M - 1, 3 und 8 

II Das Gkichus^ssystem 

(A*+B*+C*= D*+E»+F* 
lA • B • C «D • E • F 

Wit bdcommen eine allgemeine Eosung dieses Systans, wenn wir setzen 
A ^ g{a {ft*— V) sfl— 2 g IpP-^V) xy +a(g*—<?)y]; 

B A ad [(4*- 6^ *•- (g*- d»)^3, 

Al r 
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C = 6 («*- 6*) x*-2A{^-d*)xy +g (g*- <?)>*] . 

D = rf [a (a*— i*) **— 2 g (a*— l^xy -\r a (g*— <i*) J'*]. 

E =6g[(a»-&*)*»-(g*-4»)y]. 

F = fl [g (a*— ft*) ;»;*— 2a (g*— rf*) +g (g*— <?)>*] nut beliebigen g, 

a, b, d, X, y 
Numensckes Exempel 

Es ergibt g — \ , a =3, ft =2, x — i,y —\,d = 5 die Eosung 
/16*+ 196* 158* = 80*+ 26*+ 237* 

|l6 195 168 =80 26 • 237 

III Das Gletchungssystem 

(i G*"^ K*+ I/+ M« + 2 (**+^ + 2*) 

(4 G*"= K»+E*+M‘'+2 (**+y 1-2*) 

(1) Di«- Formel 2 (»*+ 3 A*)*' = (2 tA -1 3 ^ - **)"+ (2 »* + 1 *- 3 + 

(4 lA)" fur V ~ 2 und 4 liefert Identitaten von der Form 2 A*'== B' + C"+ D" 

fur u = 2, 4 (c/ A Moessner " General Fomiulse for Constructing and 
solving certain simultaneous Equations ’* in The Mathematics Student, 1936, 
Vol 3 1). wobei * und k beliebig sind 

(2) Gilt 2 A*'-= B‘'+ C" !■ D** ftir V 2, 4, dann gilt auch 
(2 (A A'')*=(B A'-)*+(C • A'')*+(D A')* 

12 . (A A'')*= (B A')« f (C A'')*+ (D kr)* fur bebebiges r 

(A AM»=G* 

Wir setzen nun A'")** G*" ’ ® ‘ ^ ^ ^ ® ^ 

Dann geht die Gleichung fiber in 
j2 G"-«K*+E*+M» 

12 G*"=K*+E*+M* Diese Relation muss nchtig bleiben, wenn 
man jede Seite quadnert, es mujS also auch gdten 

(2 G")* = (K* + E* + M*)* und (2 G**)* = (K*+ E* + M*)* 

Wir bekommen 

j4 G*«*K«+E‘+M*+2 [(K .E)*+(K M)*+(E-M)»], 

14 G*"* K* + E*+ M»+ 2 [(K . E)*+ (K • M)«+ (E • M)*] 

Wir setren hier KE ■=«, KM EM z und haben die Eosung dcs 
vorgclegten Gleichungssystems 

Numensches Exempel t •« 1, A = 2 ergibt die Relation 2 •13*'16*'+ 
7 »'+ gr fur V » 2, 4 (IVB I Da die Exponenten gerade smd, konnen negative 
Vorzeichen unberticksichtigt bleiben) r = 3 ergibt das Resultat 

2 • (13 .13»)«'« (16 .13*)*'+ (7 • 13»)*'+ (8- 13»)*' fttr » = 2, 4, also 

2 • (18*)*'- 32966*'+ 16379*' + 17676*' ffir « « 2, 4 
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Dutch Quadneien bekonmit man 
• 4 13« = 32966* + 16379* + 17676* + 2 [(32965 16397)* + 

(32956 • 17676)*+ (15379 • 17676*] 

■ 4 .13**= 32965*+ 15379*+ 17676*4 2 [(32966 • 15379)* + 

(32965 175*76)*+(16379 • 17676)*] 

IV Das Gletchungssystem 

a +b +0 =d -{-e +/ 
a»+6*+c*=rf*+(!* + /* 

<i»+6*+c»=»K» 

Wir setzen nach Euler 

a = (y + 3 s) (r*+ 3 s*) — 1 , 6 ^ — (r — 3 s) (r*+ 3 s*) + 1 , 
c = - (^ + 3 s) + (ri+ 3 s*)», K = r - 3 s - (f*+ 3 s*)* Dann 
1st a* + 6* + c* == K® 

Nach ciuem Satze (let Zahlentheone gilt allgemein 
Ai« + A," +A,»+ + A,» ^{p- A,)''+ (^ - A0“+ (^ - A,)» 

+ ’ +{P - K)” fhr n -= 1, 2, wenn p (Aj+ A,+ A, 

• + A^r) ist 

2 

Bei der vorgdegten Relation ist 2, also /> == „ • {a + b + c) 

o 

Also gilt a”+b”+c»={p - «)"+ {p - 6)»+ {p - c)» fur« = 1. 2 Wit 
setzen p — a = d, p - b e , p — c =f und haben das voigelegte System 
gelost Man bekommt immer ganzzahlige l^cisungen, wenn man die Basen nut 
3 multipliziert 

Numensches Exempel r = 2, s = 1 eigibt a =di, 6=8,c=44; 
K = 60, geklirzt 17*+ 4* + 22* = 26* Um erne ganzzahhge Losung zu 

bekommen, setzen wir 61* + 12* + 66* = 76*'^ — j (61 + 12 + 66) = 86 
Wir bekommen 

'61 + 12 +66 =36 +74 +20 

■ 51*+ 12*+ 66*= 36*+ 74*+ 20* 

81*+ 12»+66*=76* 

Exempel nut kleineten Zahlen 
fl+6+8=9+4+2 
n*+6*+8*=9* +4*+2* 
ll»+6»+8*=9» 

y Die GUtchung x* — S y* = z* tn ganzen ZaMm 

Wir setzen j/* = t, dann bekommen wir *•— 8 <•= z*. 
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Fiir diese Gleichung besteht folgende Parameterlostiiig 
* =; m* 4- 9 mn* = m (»»* + 9 «*) 

/ = 3 m*n + 3 n> = 3 n (w* + h*) 
z =tn*—Zn* Dann bleibt noch zu losen 
3 n {m* 4 «*) = y 

Hier bind folgende zwei Falle zu untetscheidcn 

(a) f»n*4 «*= 33 /'* (/J) (♦»*+»•—y* 

1 n I « = Sy** 

Die Gleichung m* n* —3 y'* 1 st unmoglich, wie man leicht bewdsen 
kann Um das System (/3) zu losen, setzt man , m und n = 2 pq 

Ausserdem miissen p und q werte anncbmcn, die dutch die nac h folgenden 
Gleichungspaare gegeben sind 

(1) /> = 3 r« ? = 2 s* 

(2) = 2 r» ? = 3 s* 

(3) /> — 6 r* g = s* 

(4) /) = g =• 6 s> 

Fur den Fall (1) zum Beispiel hndet man die Fonneln 
r* = (9 - 4 s«) [(9 r«- 4 s‘)*4 81 (2 rs)«] 

•{y = 6 rs (9 4- 4 s*) 

1* = (9r«- 4s«)» -27 (2 rs)< 
r und s smd behebige gauze Zablen 

Dei Deser stellt selbst leicht die Formeln fiit die anderen FSlle auf. 
Exempel r s 2, s 1 ergibt nach Vereinfachung 88236*— 3 • 222* 
» 793» 

VI Gamzahltge Losung zu x* 4- y* « z* 

Wir gehen aus von der Identitkt 

(w*—3»»»w*)*4 (3m*n — n*)*=«(w*+f»*)* Wir verwandeln mm den 
Ausdiuck w* — 3 tm* = w (w* — 3 n*) in ein Quadrat, indem wir jeden Fahtor 
dieses Produktes in em Quadrat verwanddn, und wir gdangen so zu einer 
Identitat, die erne unendliche Anzahl von 1/sungen der vorgdegten Gldchung 
ergibt 

[(**+ 3 s») (r*- 18 »*i*+ 9 s*)]«4- [4 rs (r*- 3 s*) (3 f*4- 20 r*s*+ 268 f*a* 
+ 180 f*«* 4- 243 s*)]« = (r» 4- 28 r*s» - 42 f*s*4- 262 r*s* + 81 s*)». 
Exempa —r » 2, s = 1 ergibt 329*+ 67112* « 2466* 

VII Gamzahltge Ldsung zu x* f y* = z* 

Wir gehen aus von (w* + mn*)* 4- (i«*» + «*)* *» (i»^ 4- »*)* Wenn wit den 
Ausdruck «•+ Mn*» m (m*4- m em Quadrat verwandc^ wie unter VI, 
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so wird aus dem Kubtis auf der 2 ten Gleichnngsseite erne sechste Potoiz 
Nach Ausfbhtung der Rechnungen ergibt sich die Identit&t 

[(r* — s*) (r* + 6 Hs* + s*)]* + [4 rs (f* + s*) (r* + 6 f*s* + s*)*]* = (f*+ 
6f*s*+s«)« 

Exempd — r = 2, s = 1 ergibt 123«+ 67240*= 41* 

VIII AUgemetne ganzzahltge Losung des Systems 
(x'-\-xy 4-^ = 2* (1) 

\x +y =<* (2) 

Fur die Gleichung (1) haben wir die Parameterlosting x =tR^—3mn* 
~ tfi, y — i m*n + 3 mn* = 3f«« {m +n), z ~m*+ mn + «• 

Es bleibt aufzuloseu w* + 3 »»•« —«*=<• 

Man kennt eine Paramterlosung (2 Parameter) der allgemeineren Glei- 
chung nfi+amht +bmn*+cn*=fi (Stehe zum Betsptd Carmtchael, Analyse 
tnditermsnie, 1929, Seite 58 und 59) 

Durch Anwendung der bekannten Formeln wird gefunden 
m = a* — 8 — 12 ^ 

n = 4 apq ~ 

a ist eine Punktion von p und q Hier der Ausdruck von a 
ass—9p—6 pq— p^ 
t =o»+6a*^(y +3) +12o^»(? +2) +8/)*{l 
Man kann / auch als Funktion von p und q allein darstellen 
Exempel — p = 1, y = 2, wt = 597, n = — 204 ergibt 
■* = 146731581 
y ^ - 143688052 
‘ z = 276237 
./ = 1773 
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3-SoBSTiTtTTED balicylic acids are difficult to obtain by direct substitution , 
the orienting influence is favourable to position 6 Chlorination^ of sahcylic 
acid has so far given a mixture consisting mainly of 6-chlorosahcylic aad, 
and small quantities of 3-chloro-and 3 6-dichlorosahcyhc acids and chloro- 
phenols, no conditions were known which would give each of these sub¬ 
stances alone and separately The methyl ethers of these acids had also not 
received proper attention, that of 3-thlorosahcylic acid being yet unknown, 
and those of 6-chloro- and 3 5-dichlorosahcyhc aads* obtained indirectly 
from 2-methyl-4'Chloropheiiyl methyl ether and 2-methyl-4 6-dichloro- 
phenyl methyl ether 

As the amides of these acids were required for some other work, con¬ 
venient methods had to be worked out for the preparation of the above 
acids, which together with some new denvatives form the subject-matter of 
the present paper 

^-Chlorosahcyhc aad —This acid has now been prepared in good yield 
by two different methods Sulphonic aad group m b-sulphosahcyhc aad 
IS unstable and can be substituted with hydrogen by superheated steam * 
This acid when chlorinated gave i-chloro-5-sulphosahcyhc aetd which on de- 
sulphonation at 160®-70® gave 3-chlorosahcyhc aad 

In previous work with chloralsahcylamide, it has been found that the 
substitution of carboxyl group by chloralamide group changes the main onent- 
ing influence from position 6 to position 3 In agreement with this observa¬ 
tion a good yield of chUoral-Z-cMorosahcylanitde is obtamed by the chlonna- 

» Houbnor an<1 Brenken, Btr , 187.1, % 174 , Laaiwr-Oohii and Sohulise, ‘ibtd., 1908, 
88, 3300 , Ullmann and Kopetachni, , 1811, 44» 428 

• Paratoner and Oondorelli, Btu, 1808,2B1, 211-12 , Martini, Ustd., 1880,28, n, 82 

• Moldrum and Shah, J C 8., 1823,128^ 1086. Hirwe and Patil, Proo. Ini. Aoad. 
Sex , 1037, 5 (4), 321-26 
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tion of chloralsalicylamide, which yields 3-chloro-salicyhc acid in good 
quantity on hydrolysis 

Methylation of the chloroacid with dimethyl sulphate and concentrated 
alkali affords a good yield of the methyl ether, hitherto unknown 

5-Chlorosahcyltc and —This acid is obtained alone and not in a mixture, 
as obtained by previous workers* if the rate of passing chlorine and the 
temperature is controlled, as described m the expenmental section 

3 5-Dtchlorosaltcyhc and —The rate of passing chlonne is not very 
important in this case Chlonnation of saUcyhc acid at gives pure 

dichloro acid 

The methyl ethers of the above two acids have been obtained by chlon- 
nation of the corresponding 2-methoxy-benzoic acids, they could not be 
obtained by the direct methylation of the acids 

The amides of some of the above compounds have been prepared by 
the usual methods 

Experimental 

Z-Chlorosalicylic and has been prepared by two different methods 

Method I —By using (a) molecular chlonne or (ft) nascent chlonne (a) 
Chlonne (35 g , 1 mol) was slowly jiassed at 0®-5“ into a glaaal acetic aad 
solution of 5-sulphosalicylic acid (100 g) The mixture was kept at room 
tempeiaturc overmght dunng which time, much hydrogen chlonde was 
evolved and a sticky mass separated This was filtered on glass*wool, and 
dried on a porous plate It was then dissolved in a httle hot water to which 
syrupy phosphoric acid was added to raise the boihng point, superheated 
steam was passed in the liquid mass, the temperature finally reaching 170° 
On cooling, 3-chlorosahcylic acid separated and was filtered off and the 
filtrate repeatedly heated with superheated steam as before until no further 
yield of 3-chlorosalicyhc acid was obtained The sohd was collected, washed 
with water and crystallised from dilute alcohol white needles, m p 180‘’-182® 
(178*-Vartiholt*, ISO^-Anschutz, Anspach*) yield about 72 per cent It 
gave with feme chloride an intense violet colouration 

Part of the 3*chloro acid probably decomposes to chlorophenol, as mdi- 
cated by the smell, during desulphonation (ft) Powdered potassium per¬ 
manganate (17 g) was added slowly with constant stimng to concentrated 
hydrochloric aad (200 c c) in which was dissolved 6-sulphosalicyhc aad 

* Haubaer and Brenkaa aad othen (loc eil.) 

* J, Prak. Cham., 1887, 86 (2), 22. 

* Atm., 1906, 846, 812. 
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(50 g) The reaction mixture was kept overnight and the resulting dear 
solution was concentrated and then heated in a strong round-bottomed flask 
with addition of syrupy phosphoric aad Superheated steam was then 
passed into the liquid mass for about an hour, the temperature hnally reach¬ 
ing 170® The smell of chlorophcnol was observed also m this process The 
operation was stopped when a ‘^olid product started separatmg The sohd 
was washed with water to remove potassium and manganese salts, the 
chloro-acid crystallised from alcohol in white needles m p. and mixed m p 
with product from {a) 180-182“ 

Chloral-^-chlorosaltcylamtde (chlonnatton of chhralsaltcylatntde) —Chlonne 
(5 g) was slowly passed into a solution of chloralsahcylamide (20 g) in glaaal 
acetic acid, keeping the temperature below 15® When the required amount 
of chlorine had been absorbed, the solution was kept ovenught at room 
temperature No solid had separated by next day On dilution with water 
a pinkish powder (18 g) was precipitated which was filtered The crude 
product, m p 132-136°, on crystallisation from alcohol gave colourless needles 
m p , 159 160° the alcoholic solution gave a red colouration with feme 
chloride 

(Found N, 4 5. Cl. 44-7, C,H 70 ,Na 4 requires N. 4-4, Cl, 44-6 
per cent) 

i-CMorosaheyhc acid [Hydrolysis of Chhral-Z-chlorosahcylamtde) — 
Chloral-3-chlorosalicylamide (20 g ) was dissolved in sodium hydroxide (10 per 
cent 200 c c) and the solution refluxed on a sand-bath for about six hours 
After cooling, the solution was acidified with dilute hydrodilonc acid, when a 
paste resulted It was washed with water several times until it solidified 
The solid crystallised from dilute alcohohe white needles with m p 180-81® 
The mixed melting point of this substance with that obtamed by Method I 
above showed no lowering Yield about 86 per cent 

Potassium-i-chlorosahcylate crystallised from water m needles (Found 
K, 18 9 , C 7 H 4 OSCIK requires K, 18*5 per cent) 

Calcfum-d-chlorosahcykUe—cry^jtaJlised. from water m white plates 
(Found Ca, 9 0 , H|0, 12 2, C,«H 404 a 4 Ca, 3H,0 requires Ca. 9-2, H,0, 
12 4 per cent) 

Silver-i-chlorosalicylate—cTystaJiisod from water in needles 

turning dark on exposure (Found Ag, 38*4, C 7 H 40 ,ClAg requires Ag, 
38 6 per cent) 

i-Chlorosolicylamide Method I — A. mixture of methyl-3-chloro8ah- 
cylate (20 g) and liquor ammonia (200 c c , D 0*888) was put in a spring- 
stoppaed bottle and mechamcally shaken f<n six hours when a dear 
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solution was obtained which on evaporation on a water-bath gave a sohd 
It was triturated with dilute hydrochloric acid, filtered, washed and dned 
(It IS soluble in hot water, alcohol, acetone and acetic and) The amide 
crystallised from dilute alcohol in white needles, mp 174-175°, it gave as 
violet-red colouration with feme chlonde (Found. Cl, 20 *8 , C7H«0|NC1 
requires Cl, 20*7 per cent) 

Method II —A mixture of 3-chlorosahcylic aad (10 g) and phosphorous 
pentachlonde (12 g) suspended in low-boihng petroleum ether was refluxed 
at 30-40° for four hours (Anschutz and Anspach^), the cool reaction mixture 
was poured into liquor ammonia (D 0 *888), kept cool by surrounding ice, 
with constant stirring The solid (8 5 g) crystallised from dilute alcohol 
prisms, mp 174-176° Mixed melting point with the amide prepared by 
Method I above showed no lowenng 

5-Chlorosalyctltc acid —Salicylic acid (14 g) was dissolved in glacial 
acetic acid and the container surrounded with ice Into the ice-cold solu¬ 
tion chlonne (7 g) was gradually passed, so that the bubbles could be counted 
(about 60-70 bubbles per minute) The resulting solution was allowed to 
stand overmght at the room temperature, dunng which hydrogen chlonde 
was evolved On diluting the solution with water, a sohd was obtained which 
crystallised from dilute alcohol in fine needles, m p 172-173°, yield 15 g , 
It gave with alcohohe feme chloride a violet colouration (m p , 167 *5°— 
Beilstein*, 172 5°—Huebner, Brenken*, 176°~I/assar-Cohn, Schultze*®) 

3 6-D%chlorosaltcyltc acid —Salicychc acid (14 g , 1 mol) was dissolved 
in glaaal acetic acid and the container surrounded with ice Into the ice- 
cold solution, chlonne (14 g, 2 mols) was slowly passed, the rate of bubbl¬ 
ing chlorine did not require to be specially controlled as in the above 
expenment The resulting solution was kept overnight at room tempera¬ 
ture and then heated on a water-bath for about an hour to complete the 
reaction Hydrogen chlonde was profusely evolved The reaction mixture 
gave a solid on dilution with water, this crystallised from dilute alcohol in 
thick needles, m p 219-220°, yield 16 5 g , it gave with alcohohe feme 
chloride a reddish-violet colouration (mp 219*5°—^MartinF*, 223°—^I,assar- 
Cohn, Schultze^*) 

^ Dnd. 

■ Btr., 1875, «, 810 , Ana , 1875,179^ 286 

■ IM , 1878, «, 174. 

Oni , 1906, SB, 3300. 

“ Qu , 1898, », II, 62. 

^ Bn, 1805, 88, 8800. 
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Calctum-Z b-dicMorosahcylate—ayhtaXbseA from water m white plates 
Found Ca, 7 4. H.O, 14 0 , Ci4H,0,a4Ca, 4H,0 requires Ca. 7*6, H,0, 
13 7 per cent) 

i~Chloro~2-methoxybenzotc actd —3-Chlorosalicylic aad (17 g) was dis¬ 
solved in cold potassium hydroxide (75 c t —40 g KOH in 150 c c HfO) and 
dimethyl sulphate (100 g) gradually added with constant shaking and cool¬ 
ing under tap It was then kept overmght and then heated on a water- 
bath for half ail hour, when further quantity of potassium hydroxide (76 c c 
remaining from above) was added and the heating continued for quarter of 
an hour more The cooled solution on acidification gave a solid (16 g) which 
crystallised from alcohol white needles , m p 120-21“ it gave no coloura¬ 
tion with alcoholic ferric chloride (Found equivalent weight, 187 *4, 
Cl, 19 1 , CglljOsCl reqmres equivalent weight, 186*5, Q, 19 0 per cent) 
It IS soluble in alcohol, acetone, benzene and acetic acid 

Sorlium-Z-chloro-2-methoxybenzoate~- crystallised from water needles 
(Found Na, 10 4, H^O, 8 1 . C,HeO,aNa, HjO reqmres Na, 10 2 . H,0, 
8 0 per cent) 

Bannm-'i-thloro-'i-methoxybenzoaie —crystalhsed from water white 
needles (Found Ba, 23 8, 23 8 , CjeH„0,a*Ba. 4H,0 requires Ba. 23*6 
per cent) 

Stlvet-i-cMoro-2-tnethoxybenzoaie —Difficultly soluble in hot water 
darkens (Found Ag, 37 1 , CgHgOgClAg requires Ag, 36*8 per cent) 

3-C hloro-'2-methoxybenzamide —A mixture of 3-chloro-2-methoxybenzoic 
acid (6 g) and phosphorous pentachlonde (7 g) was treated as above, until 
a yellowish-white solid (5 g) was obtained It crystalhsed from alcohol. 
flakes, mp, 99-100“ it gave no colouration with alcoholic feme chlonde 
(Found Cl, 19 3 , CgligOjNCl requires Cl, 19 1 per cent) It is soluble in 
alcohol, acetone, benrene and acetic aad 

f>~Lhloro-l~methoxybenzotc actd —2-Methoxybenzoic aad (14 g) was dis¬ 
solved in glacial acetic acid and the solution kept cool by surrounding ice 
whilst chlorine (7 g ) was passed into it The resulting solution was allowed 
to stand overnight at room temperature On dilution a sohd was obtained 
(15 5 g ) which crystallised from dilute alcohol white needles, m p 80-81“ , 
It gave no colouration with alcohohe feme chlonde (m p 81-82“—Peratoner, 
Condorelli*'') 

Silver-b-chloro-2-tnethoxybenzoale —crystallised from water minute 
needles turning brownish (Found Ag, 36 9, CgHgOgClAg reqmres Ag, 
36 *8 per cent) 


“ a<u , 1808, 88, I. 211 
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6-Chloi'0-2-tnethoxybenzatntde —A mixture of 5*chloro-2-methoxybenzoic 
acid (6 g) and phosphorous pentachlonde (7 g) was treated as above A 
sohd (6 g) was obtained It crystallised from alcohol pnsms, m p ISI-ISS**, 
it gave no colouration with alcoholic feme chlonde (Found D, 19*2, 
CsHgOiNCl requires Cl, 19 1 per cent) It is soluble m alcohol, acetone, 
benzene and acetic acid 

3 5-Dtchloro-2-tnethoxybenzotc aetd —2-Methoxybenzoic acid (15 g) was 
dissolved in glacial acetic acid and the solution kept cool by surrounding 
ice, whilst chlorine (16 g) was passed into it The resulting solution was 
kept overnight at room temperature Next day a sohd (11 g) had separated 
which was filtered off, washed with acetic acid and then with water and dned 
It crystallised from alcohol white pnsms, m p 166-167“ A further quant¬ 
ity (4 g) of the substance was recovered by diluting the mother-hquor with 
water It gave no colouration with alcoholic feme chlonde (m p 166 5-167° 
Martini**) 

Sodtum-^ 5-dtchloro-2-methoxybenzoate —crystallised from water white 
plates (Found Na, 8*0, HgO, 13 2, CgHgOgCljNa, 2HgO requires Na, 
8 a , HjO, 12 90 per tent) 

Bartum-Z 5~dtchloro-2-methoxybenzo(Ue —crjrstallised from water needles 
(Found Ba, 20 3 , HjO, 13 2, Ci,H„0,agBa, 6H,0 requires Ba, 20 6, 
HjO, 13 6 per cent) 

Stlver-Z Z-dtchloro-2-tnethoxybenzoate —^Very difficultly soluble in water 
turns grey (Found Ag, 33 1 , CgHgOgClgAg requires Ag, 32 9 per cent) 

3 5-Dtchloro-2~tnethoxybenzomtd »—A mixture of 3 5-dtchloro-2- 
methoxybenzoic acid (20 g) and phosphorous pentaclilonde (26 g) was treated 
as above, when a sohd (19 6 g) was obtained It crystallised from alcohol 
white pnsms , mp 162-163°, it gave no colouration with alcoholic feme 
chloride (Found N, 6 0 , CgHfOgNCIi requires N, 6*4 per cent) It is 
soluble in alcohol, acetone, benzene and acetic aad 

The authors are thankful to Or R C Shah for his help 


** IM., 1899, n, II. 02. 
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The reactions of resacetophenone are controlled by the existence of chelation 
as a consequence of wluch the aromatic double bonds have a tendency to get 
fixed Baker and Lothian^ have shown that 2-hydroxy-4-allyloxyaceto- 
phenone on heating gives 3-allylrcsacetophenone thereby indicating that 
the 3-position is the reactive one A similar result has been obtained by 
Shah and others in the condensation of resacetophenone with ethyl aceto- 
acetate in the presence of alumimum chloride in ether solution, the forma¬ 
tion of the coumann ring involving the 3-position * Under the same condi¬ 
tions hydrogen cyamde introduces an aldehyde group m the 3-position m 
resacetophenone and its analogues * 

Since 3-raethylresacetophenone and its denvatives were requited as 
reference compounds and starting matenals in connection with other work 
in progress in these laboratories and their preparation vta 2-inethyl-resorcmol 
is rather round about the nuclear methylation of resacetophenone and 
<u-methoxy-resacetophenone has now been studied 

Resacetophenone formed 2-hydroxy-3-methyl-4-methoxy-acetophenone 
(I) on treatment with methyl iodide and methyl alcohohe potash This 
underwent dcmethylation to give 3-methyl-resacetophenone (II) The 
constitution of this compound was established by its synthesis from 2- 
methylresorcinol (Perkin*, Rangaswami and Seshadn*) by condensation 
with acetonitrile With regard to the progress of this methylation resaceto- 
pheiione resembles the esters of /3-resorcyhc acid, the same factors obviously 
being involved in both cases 

The work has been repeated with <a-methoxyresacetqphenon^ 
and in this connection the assumption that the hydroxy group whidi under¬ 
goes ethenhcation is the one present m the 4th position and not the one in 
the 2nd position has been sutetantiated The product of nudear methyla- 
tion (III) easily undergoes condensation witii sodium benzoate and benzoic 
anhydnde according to the procedure deveh^ied by Allan and Robinson* 
214 
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and yields a flavone which has been found to be 3 7-dimethoxy-8-methyl- 
davone (IV) The production of a davone is itself sufficient proof that the 
2-hydToxy group has not been affected by the process of methylation The 
identity of (IV) has however been established by its synthesis starting from 

2- methylresoranol By condensation with methoxyacetomtnle w-methoxy- 

3- methyl-resacetophenoiie (V) was obtained which with sodium benzoate 
and benzoic anhydride gave nse to S-methoxy-T-hydroxy-S-methyl-davone 
(VI) which subsequently underwent methylation easily to give (IV) 
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ExpertmenUU 


Nudear mdkykiton of resacdophenone — 2~1^iro}^-Z~tnethyl-i-nuthoxy- 
acehpkenoHe —A solution of resacetophenone (2 g) in methyl alcoholic 
pota^ containing 16 c.c of anhydrous methyl alcohol and 2 *6 g of caustic 
potash was cooled in freezing-mixture and treated with ice-cidd methyl 
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iodide (4 >2 c c) all at once The mixture was well shaken to render it 
homogeneous and the container left well stoppered in the ice-bath to assume 
laboratory temperature slowly After standing overmght the mixture which 
had deposited a little •■olid was gently boiled under reflux m a water-bath 
for 7 hours tind then poured into excess of ice-water (150 c c) The shghtly 
pasty mass that separated overmght was filtered, washed with water and 
then macerated with cold dilute alkah when nearly half of it went into 
solution leaving the remainder as a clean solid This insoluble portion 
when filtered and washed with water melted indefimtely in the neighbour¬ 
hood of 80° and on crystallisation from alcohol gave 2-hydroxy-3-methyl- 
4-metho\y-acetophenoue in the form of stout needles and micaaous plates 
melting at 82-3° (Found C, 06 6. H, 7 0, OCH„ 17 3, C,oHi,0, 
requires C, 66 7 , H, 6 7 , OCH*, 17 2 per cent) Yield 0 *6 g The compound 
was easily soluble in the common orgamc solvents and gave a greenish blue 
colour with alcoholic ferric chloride 

Demethylahon of above io produce ‘i-methylresacetophenone —^The above 
compound (0 5 g) was dissolved in a mixture of phenol (0 >6 g) and acetic 
anhydride (0 C c c) and gently boiled for half an hour with hydnodic 
acid (bp gr 1 70 , 8 c c ) The resulting hqmd was diluted with water 
(20 c c ) and repeatedly ether-extracted The combined ether-extract was 
shaken with sodium bicarbonate solution to remove the acetic acid and then 
washed with a little water On evaporation of the solvent a dark-coloured 
oil was left behind This was stirred thrice with small quantitites of water 
which was then thrown away, so as to remove most of the phenol used The 
residual oil was then dissolved in alcohol and allowed to crystallise whereby 
a compound melting from 141 to 146° was obtamed This on two further 
crystallisations from benzene gave 3-methylresacetophenone in the form of 
plates and needles melting at 154-6° and was found to be identical with the 
specimen prepared from 2-methylresorcinol (see below) 

^i-Methylresacetophenone from 2~methylresorctnol —A solution of 2-methyl" 
resorcinol (1 g) in absolute ether (26 c c) was treated with pure acetonitrile 
(0 8 g) and anhydrous zinc chloride (0 6 g) and saturated with dry hydrogen 
chloride The current of the gas was stopped at the end of two hours and 
the mixture left overnight The clear solution that was obtamed on the 
addition of water (25 c c) was shaken with ether to remove unchanged 
reactants The pale yellow aqueous solution containing the ketinune- 
hydrochlonde was heated for one hour in a boihng water-bath and then 
cooled when the ketone separated in the form of a crystalhne powder On 
recrystallising from methyl alcohol it was obtamed as colourless needles and 
rectangular plates melting at 166-7° (Pound C. 64 *6 . H, 6 1, 
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requires C, 65 1, H 6 *0 per cent) It gave a violet colour with alcoholic 
ferric chlonde A mixed melting point with the sample obtained starting 
from resacetophenone showed no depression 

2-Hydroxy-Z-tnethyl~w i-dimethoxyaceiophenone —^Thenuclear methylation 
of cii-methoxyresacetophenone was earned out according to the same proce¬ 
dure as was adopted m the case of resacetophenone The reaction was more 
easy and the product was obtained pure more readily The solution of the 
(u-methoxy ketone in alcoholic potash which set to a thick cake at the 
temperature of the freezing-bath was diluted with enough anhydrous 
methyl alcohol to enable uniform mixing and shaking, before methvl iodide 
was added As the methylation proceeded big ciystals of potassium iodide 
separated from the solution When after refluxing for 7 hours the mixture 
was poured into water and left overmght the preapitatcd solid was found to 
be only slightly sticky and to melt rather sharply at 96 -8“ After crystal¬ 
lisation from alcohol in which it was easily soluble the 3-methyl-4-methoxy 
ketone came down as long woolly fibres melting at 109® (Found C, 62 4 , 
H, 6-5 , -OCHa, 29 2 , CuHi«0« requires C. 62 9 . H, 6 7 , -OCH,. 29 5 
per cent) 

The substance appeared as long rectangular rods under the microscope, 
gave a pinkish brown colour with alcoholic fernc chlonde and was insoluble 
in cold dilute alkali During combustion it melted smoothly to a brown 
hqmd, after which it decomposed to give a dark oily product which proved 
very refractory Yield of the twice-crystalhsed product was 0 6 g from 
2 g of (o-methoxyresacetophenone 

3 7-Dtfneihoxy~8~methylftavone from the above ketone —^An intimate 
mixture of the ketone (1 g ), sodium benzoate (1 *5 g) and benzoic anhydnde 
(4 g) was heated m an oil-bath at 200° for 4 hours under a pressure of about 
40 mm of mercury The residue was treated with a large excess of water 
containing a little sodium carbonate and left for some hours in order to 
remove the excess of benzoic anhydnde The aqueous portion was decanted 
off and the solid left behind treated again m the same fashion with excess 
of water and carbonate A dark coloured oil remained which when dissolved 
in alcohol and left for some days deposited needles with a glistemng yellow 
colour and melting at 143-45° When recrystalhsed from alcohol the flavone 
melted at 145-46° and had the appearance of stout rectangular pnsms under 
the microscope (Found C, 72 9, H, 5 *3, Ci*Hi ,04 requires C, 73 0, 
H, 6 4 per cent). A mixed melting point showed it to be identical with the 
specimen prepared from 2-methylresoranol as desenbed below 

%-MethyUot-nuthoxyresacetophenone —^The preparation of this compound 
from 2-methylresorcmdl was very similar to that of S^ethylresaceto* 
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phenone Methoxyacetonitnle (bp 119-23®) was used instead of aceto^ 
nitnle and the condensation took place even without the addition of an¬ 
hydrous zinc chloride, the ketimme hydrochlonde separating in a crystalliiic 
form in about 4 hours from the commencement of the reaction When the 
mixture was treated with water the next day and the aqueous solution after 
shaking with ether was heated in a boiling water-bath the required ketone 
separated in the form of a crystalline jxiwder After recrystathsation from 
alcohol it came out as rectangular and hexagonal pnsms melting at 203-6® 
(Found C, CO 8 , H, 6 4 , CioHit 04 requires C, 61 2. H, 6*1 per cent) The 
compound was fairly soluble in hot water and easily in the common organic 
solvents and gave a dark violet colour with alcohohc feme chlonde 

i-Methoxy-1-hydroxy-d)~methylflavone from the above ketone —^An intimate 
mixture of the ketone (0 4 g ), sodium benzoate (1 g) and benzoic anhydnde 
(4 g) was heated under reduced pressure for 4 hours in an oil-bath at 190° 
The product was then refluxed for half an hour with 10 pet cent alcohohc 
potash (30 c c ) to hydrolyse the l-beiizoyloxy compound first formed Most 
of the alcohol was then distilled off, the residue diluted with water and the 
clear solution saturated with carbon dioxide The required 7-hydroxy 
flavone was thus precipitated and when crystallised from alcohol was obtained 
in the form of rectangular plates melting at 252-3° (Found C, 71*9, 
H, 6 4 , Cj 7 Hi 40 | requires C, 72 3 , H, 6 *0 per cent) It did not give any 
colour with alcohohc ferric chlonde 

3 7-Dtmethoxy-^methylflavone from the above —^The 7-hydroxy-flavone 
(0 2 g) was dissolved in dry acetone (16-20 cc) and heated under reflux 
on a water-bath for 16 hours with a large excess of methyl iodide (2 cc.) 
and anhydrous potassium carbonate (0 4 g) The residue after evaporation 
of the solvent was treated with acidulated water and the water-insoluble 
portion filtered The precipitate was dissolved in a slight excess of alcohol 
and the solution filtered from insoluble matter and allowed to stand Beauti¬ 
ful crystals separated in the course of a few days which after filtering and 
washing with a few drops of cold alcohol melted at 136-6° After another 
crystallisation from aqueous alcohol the methyl ether was obtained as pale 
yellow needles which melted at 141-2° and appeared as rectangular rods 
under the microscope (Found C, 72 *8, H. 6 6 , Ci|Hi ,04 requires C, 78 *0; 
H, 6 *4 per cent) It was identical in all respects wi^ the one prepared from 
2-hydroxy-3-methyl-a» 4-dimethoxyacetophenone 

Summary 

The methylation of resacetophenone and its cu-methoxy dmvattve 
methyl iodide and methyl alcohohc potash has been studied. The fomier 
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gave 2-hydroxy>3-nietliyl-4-methoxyacet(^henone the constitution of which 
was established by demethylation to 3-methylresacet(^enone and com> 
parison with a specimen prepared frcnn 2-methyliiesorcinol In the same 
way oi-methoxyresacetophenone gave 2-hydroxy-3-methyl-ft> 4-dunethoxy- 
acetophenone which was subsequently converted to 8 7-dimethoxy-8- 
methylflavone The identity of this flavone was proved by its synthesis 
from 2-methyl-resorcinol 

It IS concluded that under the above conditions resacetophenone 
undergoes nuclear methylation in the S-position and that the hydroxyl 
group in the 4th position gets ethenfied 
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(CommtuucRted by Prof T R. Seihadri) 

It is well known that in the detennination of nitrogen in organic compounds 
by the method of Fregl (Qmntttaiive Organtc Micro-Analysts by Pie^—2nd 
and .3rd English editions) the accuracy of the eiqieriment depends on the 
rate of combustion of the compound, which is controlled by observing the 
rate of entry of gas bobbles into the nitrometer past the mercury seal To 
obtain a good value not only should tiie preliminary omnbostion ol the 
compound be carried out at the (^timum rate which gives nse to not more 
than two babbles in every three seconds, but the subsequent washing out of 
the products of combustion from the combuslion tube into the nitrometer 
by means of carbon dioxide from the Kipp should be done so can^nlly that 
a gas rate of two bubbles in three seconds is not exceeded even for a few 
seconds The latter operation requires considerable »perience as a higher 
gas rate invariably gives higher values for nitrogen than according to the 
theory 

For the delicate manipulation of the stop-code in the connecting piece 
various devices have been tried in the past, the most satisfactoiy being the 
provision of the stop-cock with a long handle so that by the ap{dicati<m of 
gentle pressure to the tip of the handle small rotations of the band can be 
effected The cutting of shallow chatmds about 4 mm long on the surface 
of the barrd at either end of the main bore has consideraUy added to the 
value of the long handle, and ensures accurate results to the caxdul and 
diligent worker (foe at) 

The above combination suffers from one or two drawbadcs. The 
band of the stop-cock must be greased to a certain optimum extent, Whffe 
over-greasing fills up part of the channd and makes the stop-code turn round 
of its own accord owing to the weight of the long handle, under-greasing Inings 
in its train a considerable amount of friction and a corresponding dimlnur 
tion in the benefit derived from the long handle Farther the beginner 
generally does not know the right amount of presmtte to be relied to tiw 
tip of the handle for effecting a certain desired rotation of the barrd rdth 
220 
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the result that the gas irdocity is not coupletely andci: his control The 
ose at the simi^ device described in this paper while being considerably 
helpful even to the expert micro-analyst, makes the detetmination safe even 
in the hands the beginner. 

Figs. 1 and 2 give tiie plan and the devation of the device which consists 
of an ebonite piece carrying two screws, while Figs 3 and 4 represent 
the same when it is fixed on to the connecting piece. The non-tapeiing 
portion of the connecting pipce can easily pass through the hole (A) and the 
ebonite piece fixed rigidly at any desired position on the gflass part by means 
of the screw (B) which controls the deft shown. The screw (C) controls the 
movement of the stop-cock, every forward movement tending to dose the 



c han iwi in the stop>cock while every backward movement has the opposite 
effect. The ebonite j^ece is fixed at snch a position that the stop-cock is 
complete dosed when the screw can advance no faxlher. By gradually woric- 
ing it backwards the stop-code is gently q;>ened by the action of the dastic 
head 0) juid it k posdble by tuning the milled head of the screw by about 
6 or 10* tt e. time to get any gas speed required. Whenevm during the 
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coarse of the experiment it is necessary to have the hmg handle patalld to 
the body of the connecting piece so as to get a straight passage for the gas, 
the band can be slipped off and the handle taken to any desired positiQa 

The device has been tested in a number of estimations and found very 
satisfactory It is easily fixed to the connectmg piece and any desired gas 
speed obtained and maintained without any difficulty There is no strain 
on any part of the apparatus because of the shape of the ebonite piece the 
weight of which is small The part is easy to construct and costs httle 
It was made in the Instruments Section of this University. 

The author's thanks are due to Dr G Gangadhatam for the drawings. 
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1 Dickson* showed that the congnience 

X* +y* + 1 m 0 (mod P) 
always has a solution with xy^O (mod p) 

ifp>(k - 1)» (/fe - 2)» + - 2, 

where k and p are odd primes 

In this paper I give a simple proof, by a different method based on 
lemmas due to Hardy and Littlewood, of this result in the generalized form * 

Theorem Let p denote a prtme and let n be prime to p, then the number 
N, of solutions of 

** 4 - « (mod p) 

l<x<,p, l<y<p, xy^O{modp) 

satisfies 

N >p -{k- 1) {k - 2) Vp -{‘bk- 1) 
and hence there is always a solidion, if 

p> (A- 1)* (*-2)* + 8*-2 

provided k >i. 

It is curious that the lower hmit for p obtamed by our method is exact¬ 
ly the same as that obtained by Dickson Inadentally we give a new proof 
of a recent result due to Davenport and Rasse * 

2 Notation In this section k is any fixed integer ^ 6. 

S. where /> is a primitive froot of umty,««, p «***•'« where 

k -1 

(«. q) -* i. 

* Jowr fUrMatk., 13S, (1909), 181-88 

See «Im a. Hurnitc (Joarml fUr Mathematik, 136, (1909), pp. 272-92, who alio 
generalisei the theorem in queition by other methods. 

* CreSe'e Journal, 172, (1934), 151-82. The equatiOB (1) below it alto proved In their 
Wper. * 
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A (?) « A (?, n) =?-• Zf (Sp)» p— where p rans over the 4 (?) prindtivt 
roots of unity J 

M {p, n) is the number of solutions of Ai* + V ■ (mod^) where 
0 <hi < p,0 < ht < p 
Lemma 1 • 

1+ A(/») M {p,nl 

Lemma 2 If P -p ft, 


V# ' p 

Proof. Write c = e*"!P, and for each character x (n»ai p) 

* /«1 / 

We hive (LV, sate 308) 

Tjj, = — 1 (where xo ‘s the principal character) | Tj^ | “ (x "»*• Xi) 

The S = {k,p — 1) chara:ttrs x with the property that x* “ Xo O^V, 
sate 309) are called " special characters ” and will be denoted by the letter 

f h Xo 

We have (LV, sate 310) when 

? =‘^. p “ where {r, p) = 1, 




^ (»') Ta 


We have also (I,V, sate 317) 

p^\ tnim 

A.{p) -pr* Z Z I * pi (r) (f) 

r-l 

r ( ) + 2r { )} 

lll>#0 ♦».#» 

[where pi, pt niu ind^ndently over the (8 — 1) special charocten p^p^ 
anl m Z' the summation is for pi, pt subject to pi (^g xo uid in r” tba 
pi, pt satisfy Pi pt » Xo. The number of terms in Z ii (8 — 1)*. The 

#1. #» 

number of terms m 2f is 8 — 1 and hence in Z* there are (8 •> 1)» 
(8 — 2) t^^rms Now we have 

’'#.1 


* E tfOndau, yotlfutngenUber ZahlentMeerh, 1, tats 288. We wfar to tiiia fcooli 
at LV. ' 
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Tibe itmer sum is, since every time (r) ^ (r) is a diameter x (*) [aad 
without hiss of generality 0 <n<p} 

>-i #-i 

r-l r-l 

==x{p-n)^I! -«)] 

r l 

#-l 


X (^ - ») £ ‘'■x W “ X (^ “ **) 

r ■■ I 


Hence 


\2\ <\2'\ + l-T'l < (8 - 1) (S - 2) V> + (8 - 1)^ 1. 

whence 

IA w I < + if-' < »^*---?> + if-'. 

3. Concluding argument We observe that from lemmas 1 and 2 

+ifi 

whence 

(1) M (^. n) - 1) (A - 2) - (A - 1) 

It IS easily seen that 

N > M fi) - 2A > - (A ~ 1) (A - 2) - (A - 1) - 2A 

« ^ ~ (A - 1) (A - 2) - (8A - 1) 

and therefore N > 0 if 

> « « (*.- T ? + v^fA ~l)TlA"2)« -4-4(8A -ri} 

where a is the larger root of 

*• - (A ~ 1) (A - 2) * - (8A - 1) - 0. 

Now, _ _ 

. _ -1) (* -»}i+i ^r+ 

< (* - 1J(* - S) {l + j(' + »• (* l%lk- S)*)} 
sinoe VV'4-'« <1 + for r > 0. Thus 

« < (* -1) !♦ - s) + -1) -1) 

•’<(*-'f t*-»>■ + »(>*-')+ 


5 
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Hence N > 0 if 


Inder Chowla 


^ > (A - ])* (A - 2)« + 6^ - 2 + 

»«, if 

(2) p> {k- 1)* (k - 2)» + 6A - 2 
since 

{k - l)'(;fe - 2} ^ for * > 7 

But since the iight-hand side of (2) is a multiple of 2, 

(3) p>(k - 1)» (A - 2)* 6A - 2 Thus N > 0 if ^ 
theorem is proved 


zi^Y 

(k - 2)1 


(2) IS equivalent to 
satisfies (3) and our 
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§7 Introiuctton 

According to a well-known theorem of Oaust, every function u regular and 
harmomc m a region G possesses, for every sphere S—centre P {x, y, z) and 
radius R—lying entirely inside G, the mean value property 

( 1 ) 

s 

The converse of this theorem, that if « is continuous and possesses the 
property (1) for every sphere in G then t< is harmonic m G, was discovered 
by Bdcher and Koebe In other words, the property (1) is a characteristic 
one for functions harmonic in G A number of conditions each of which 
characterises a harmonic function have since been given For instance 
Zaremba^ proved that if 

lim r r {u {x + h, y, z) +u (x - h,y, r)} - 6 « {xy z)l = 0 

then ^ condition (1) was generalised by Blaschke* and may 

be stated as follows A necessary and suffiaent condition that the continu¬ 
ous function u be harmomc in G is 

8 

for every sphere S in G Results similar to those of Zaremba and Blaschke 
have been recently obtained by Kappos * Sabs* has used Blaschke’s theorem 
to denve two other properties either of which may be regarded as the defimng 
property of harmonic functions In this paper it will be shown >that results 
analogous to those of Blaschke and Saks may be obtained for solutions of 
Poisson’s equation and alsoirf the equation v*« •(> cm >*0 The following 
results are obtained ‘ 

m«“r .h +///C--s)'*'"] 

? then V* ** + “ 0 
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thai 


0. 


The first reduces to Blaschke's theorem for /* = 0 and the second is the 
converse of a mean-value theorem due to Weber ■ Making the same use of 
theorems I and II as Saks has done of Blaschke's theorem, the fdlowiiq; 
further results are obtained • 

2^ [S J[/ i /// '•*] -*• 


then v*** "i" ■■ 0 


(IV) I^et V*" * ® V 0 Then, if 

iT. » fj (" " &) ■'S + -0. 

VHl H- 4ir/i = 0. 

(V) If hm ^ r r ^ V*** - 3c « = 0 

R-»o 4wR JJ J»R 


The theorems III and IV correspond to those of Saks, to which they reduce 
when fi s= 0 The restnctions imposed on the fonctums », /t, / m these 
theorems arc mentioned below, in the proper contexts. 


§2 A Lemma 

lyct F (x, y, e) be an intenor point of G and let the functaon ^ {x, y, z, r) 
^ (P , r) satisfy the conditions. (i) ^ {x, y, x, r) ts continuous in all its 
arguments, and (ii) Hm ^ (x, y, *, r) *= 0 Then if 

r -*0 

a 

J(P) J r*^{Pir)dr 

we have 

In fact we may choose axes so that PP' is parallel to the r-axis Let 
{x, y, t + h) be the co-ordinates of P' Then 


JJ P l- J jP) - 1 r 

p,p j—J- f*dr 

Since ^ (P, r) -> 0 as f -»> 0 we can find r, si^ch that 1^ ^P,»’) 1 < ^ for 
f < r*, and since ^ (F , r) ^ (*, y, z, r) is contmuous in all its urguments 
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this continuity will be untfomi. Then will dq)end upon h only, r, at {h), 
and the above inequality will hold also for ^ (P', f) with the same r. Since 
tile Ulster limit a m J (P) is arbitrary we may choose it so that a < r, {h). 
We then have 


J (P') - J (P) 

P'P 



^(r;y) -^(P.r) 
h 



a 


<? J"* 


from which it is evident that 


Urn -i-' 



= 0 . 


This proves the lemma 1 am not aware of the proof given by Blasdike of 
his theorem, but it must be noticed that his theormn is an immediate con¬ 
sequence of our lemma For writing 


♦ (P;R) [ji, ff ,(Q),ISo-i.(P)] 

•'s*' 


so that if » is continuous, ^ satisfies the conditions of the lemma. 
We then have u (Pi « J «(Q) OSq - RV (P . R) 

and int^ating from 0 to a w r t R, we get 


csi / r/ •*-1 r ®‘♦<’’=®> 

[E is the volume inside a sphere of rad a and centre P ] 

-I (P) -J(P). 

To calculate for instance, we talce P' {x, y, x +k) and compute the 
limit Um . The lemma shows that J (P) disappears in this 

»«*o 

process and we have 

dx n 

Fkom this point onwards the argument runs on the usual lines' and we 
infer the existeiice and continuity of the second derivatives of w. We now 
have by Green's theorem 

5^ jf/«(Q)-»(P)-i- i) V«*. 
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where r — distance of dr from P, the centre of the sphne. 

;t. [Jr* 

= J (v*«)p 

Since the value of the left-hand side is zero, it follows that y H* = 0 This 
proves the sufficiency of the condition Since by Gauss's theorem the 
condition is evidently necessary, we have herewith proved Blaschke's theorem 

§.? Potsson’s Equation 

lyet ^ be a given function continuously differentiable in G I,et u be 
continuous in G and let it satisfy further, for every sphere in G, the condition 

1™. i [j^^/ “ ®) J//C- - r)'**]-'"»» 

Put 

* R. [i;^ J[/ “ -“(■’> + /// 0 - ^ " *] 

so that 

«(I*) = J^J « (Q)'^Sq -f- Jj'j*C - - R*0(P. R) 

Multiplying by R* and integrating from 0 to R w r t R, this gives 

J" R*^(P.R)<fR 

-I(P) +h{P) -J{P) 

Taking P' to be the point {x, y, z -Y h), we compute as before ^ «■ lim 

oZ A ^0 

u (P'i —■ u (P) 

— —- --- In this process the integral J (P) will disappear by the 

l«emma If p is continuously differentiable, then *= ^ is 

also continuous and conthniou^y differentiable and by^ wf1l*^fcnown 
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theorem in Potential Theory L (P) = 




posbcbses continuoos 


second derivatives We may now apply the usual type of reasoning to I (P) 
and infer the existence of continuous second denvatives for I (P) Thus 
we conclude that under the given condition « is twice contmuoulsy differen¬ 
tiable But if this IS so we have 


= lim 

R ->0 


(V*«)p lim 

R-»0 


« ^(V*«)p 


while 


Mp* 


lim 

R-^O 


4 n 

yMp 


F.///C--S)- 


Hence the given condition is eqmvalent to 

V*« + 4ir/t •= 0 

We have thus the result 

If u ts continuous tn G and satisfies the condition (3 >1) for every sphere tn 
G, then i7*« -|- 4irft = 0 

For /i » 0, this reduces to Blaschke’s theorem The condition (3*1) will be 
satisfied m particular if for every sphere m G 

«(P) - 4^ jfj"«(Q) t ffj* (5 - ^ (»-2) 

Thus if the continuous function u satkfies the condition (8 >2) for every 
sphere in G, then u satisfies Poisson’s equation at every point of G This is 
an extension to Poisson’s equation of the conv«se theorem of Bocher and 
Koebe, and is well known * 

§4 Pockets' Equation 

Next consider the equation v*** + ^ 0 Every regular solution of 

this equation satisfies the mean-valtte property 


1 

4irR* 




(Q)dSQ-«(P) 


rin R Vs 
RVe 


(4.1) 
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a result due to Weber We itoay prove a converse thetnem in this case, 
similar to that of Blaschke I,et / (*) be twice continuoasly differentialile, 
with / (0) finite, ^ 0, and /' (0) =0 I,et the continuous function « satisfy 
the condition 

hm 0 (P, R) = 0 

R -»o 

where 

s 

We then have 

4^. 

s 

Multipl 3 ^ng by R* and integrating from 0 to « w r t R we get 

a 

/// u dr — ^ R* ^ (P; R) dK 

with 

By reasoning exactly as before we conclude that u (P) is twice continuously 
differentiable 

Now 

S' [ji* ^ 

- ^ [s® //“'® ■««-«] - 7m- 

s 

Since « IS twice continuously differentiable 

S', h [e^. jf / • ®>«(«] - \ IV .),: 

and 

- j/- (0) 

Thus the assumed condition leads to U » 0. We have thus 

obtained the I(fflowing result: 
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If n he cofUtnnom in G and if for every sphere $n G 

( 4 . 2 ) 

8 

then V*** + c« => 0 c =» — 3 /* (0)// (0), provided tliat / (*) satisfies*HJie 
conditions speafied above 

In particular if /* (0) = 0, then u must be harmomc The condition 
(4 2) will be satisfied if for every sphere in G 

s 

Taking / (x) = * we obtain the converse of Weber’s mean-value 

theoron 

§5 Generalisations to n Dimensions 


These results may immediately be generalised to n dimensions Thus 
taking the case of Poisson's equation, the corresponding result will here be 
as follows' I/et u be continuous in G and let it satisfy for every sphere 
centre F and radius R, in G, the condition 

+drj// -Rirn) »*]-<> OD 

Kr 


where Kr is the volume inside Ar, is a continuously differentmble function, 
and tOn is the surface-area of the unit sphere in « dimensions Then u is 
twice continuously differentiable and satisfies in G the equation 

V H* -f < 0 ^ = 0 


where now 


V 


hxi* 




In fact the proof of the differentiability of u proceeds exactly as before and 
then we have, by the corresponding form of Green's theorem in n dimensions, 


Ka 
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so that 


.T. [= 75 ^ / 

iOk 

* - to J ff... r/j _ L-Ni, 

-2) K* J j J V— K—7 

,-Efik. to > rV* - ' V-f-Mr 

«..(»-2) ,,, R>J R”-’/ 


= ^ (V’»)> 

Kr 

Thus « satisfies the equation V*** + “*/* “ 0 

Again let w be continuous in G and satisfy the condition 

lim -L f- 1 - C . . C u dQ - u CP) « 0 (6 2) 

R!roR*U«R*-0 J ^ V(0)J ^ ^ 

S3n 

f {x) being such that / (0) 0, /' (0) «= 0, /' (*) continuous Then « satisfies 

the equation 

’ / ( 0 ) 

Tor the differentiability of m being proved exactly as before we have 

R^o R* Lw«R"-^ j j 'j /(O) r^o R* 

(»•>> 

The result will be true in particular if we replace the condition (6 >2) by 

^ (6.«) 

^R 

This result that under the condition (6*4} u satisfies the equation (6*3) has 
been proved as a particular case of a more general theorem and in a diffaent 
way by H Pontsky in a recent paper • 
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§5 Analogues of Saks's Theorems 

Consider first the case of Poisson's equation Then the analogues of 
Saks's theorems to this case may be stated as follows 

(i) Let u be conttnuous, mth tts first parttal denvattves, tn G and let tt 
satisfy for every sphere tn G the condition 

2-5 [s SJ ^ -^5. /// '•*]-'> '»■» 

where /x ts continuously differentiable Then y*** + 4n'/x =0 (Here dQ 
means the element of area on the unit sphere) 

(ii) Let — 0, i; ^ 0, G //u be continuous, mth tts partial deriva¬ 
tives, in G and satisfies for every sphere tn G the condition 

JT. (“Ir -0 (6 2) 

then u satisfies v*“ + = 0 

The method of proof is identical with that used by $aks, except that whereas 
Saks makes use of Blaschke’s theorem, wc here use the analogue of Blaschke’s 
theorem proved in § 3 above, from which the first theorem is an immediate 
consequence Following an ingenious procedure due to Saks we may wnte 

♦w [4.5-. -.(p) -5)'“''] 

and apply I'Hospital's rule of the difieieiitial calculus to find lim p (R) 

R 0 

This procedure gives 


hm 


'‘w- .'is 

-^///C--r)H 


an hm 

a-RO 

If therefore the right-hand limit vanishes, so does hm p (R) and hence 

by the theorem trf § 3,« satisfies v*« + iirp. » 0 This proves theorem ( 1 ). 
Tbe second theorem now fdlows from the first, exactly as in Saks's paper. 
Finally consider the analogue of Saks's theorem with respect to the equation 
V*a + cu\m0 Let u be contmuous, with its first partkl derivatives, in 0 

Ai 9 
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and let / (*) satisfy the conditions speafied m § 4 If we now wnte 


we find as above 

l.m * ,R, - hm i [1 fj ^^< 10 -« (P) 

Under the hypotheses regarding / (x) we have 

R -+0 ^ K -+0 ^ 

We thus find that if 

1™. U'r (/a"-”(«%)-]=“ 

3 /*' ( 0 ) 

then lim 0 (R) 0 and hence by § 4, m satisfies v*« — ^ 

Wnting c result may be stated as follows 

1/ u he continuous, with its first partial derivatives, in G and satisfies for 
every sphere in G the condition 


‘T. 4^8 


then u satisfies at every point of G the equation 

V*w — 3c w = 0 

In conclusion, I wish to acknowledge my indebtedness to Prof B S 
Madhava Rao for drawing my attention to the problem and for kmd guidance. 
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riLiAi* proved that, for n > Kq, 

(1) S («) = 2" + [(!)“] - 2 

provided 

3« = / •2" 4 r (0 < r < 2”) where r > 2" — (/ 4- 3) 

By combining this with a recent theorem of Mahler (Ada anihmettca. 
Band 3, p 93, Theorem 4) we obtain the result 

Thisokem Let A be an arbitrarily large number Then there extd tnfintiefy 
many x such that (1) is true for x < n < Ax 

Another form is the following 

Theorem Let c be an arbitrarily small positive number, then there exist 
infinitely many x such that the number of values of n for which 2 < n < z and 
in addition (1) is true, is less than cx 

(All letters, except «, denote positive integers) 

In fact if we denote by K (x), the number of solutions of 

1 <»<* ] 

the above results can be put elegantly m the following form . 

Theorem 

t K (x) , 

lim sup —-'-i =1 

Filial proved that ^ > *•) 


* AnnamaUti University Journal, March 1986, S,No 2. The lemilt mentioned was 
also proved by Dickson. 
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ON AN INFINITE SYSTEM OF NON-LINEAR 
INTEGRAL EQUATIONS. 

By S Minakshi Sundaram 

{Madras Ontversdy ) 

Upcoived Spptombpt 5, 10*^8 

((VinriiTinnuttttjd by R ValdvanftthftSHftniv, M A„ d hc ) 

1 Thk aim of this note is> to solve the infinite system of Non-I<ineai 
Integral equations 

X 

{1 j yn (*) - / K„ (*. t) (<. yy {i), y, (t) dl 

0 

n = J, 2, 3, 

so that the functions [y„ (/)] may belong to Hilbert Space that is to say, 

oo 

the senes L [y^ (0]* conveigent uniformly for all values of Mn a 

H I 

defimtc interval If the functions F„ (<, *i • ) are all analytic m the 
infinity of variables. Xi, * 2 . continuous with respect to the variable 

CO 

t, we can solve the system (1) so that E y„ {t) is absolutely and uniformly 

n 1 

convergent, with suitable hypothesis The general theory of such equations 
had been developed by Dr M R Siddiqi in a senes of extension lectures 
given by him to the Ducknow University in January 1938, which ate being 
published But it is shown here that we can solve (1) umqudy with the 
more general hypothesis that the functions are uniformly contmuous with 
respect to all the variables and satisfy Uipschitz condition The solution is 
got by method of successive approximations 

2 Our attempt is to solve the system (1), where x lies m the interval 
0 < X < T, such that for all values of x in the interval, the series 

(2) S [y„ (x)]* 

M 1 

may be umfoimly convergent We assume that the functions F„ (t, Xj, Xg • • •) 
are, for all values of t m the interval and all real values of Xi, Xt, • • bdong- 
ing to Hilbert Space, continuous and satisfy IJpschitz's condition 

(3) [F» (<. *1. *,. • ) - F, (t , x/. .. .)]• 

^ (*,-*/)• 

f 1 
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where is a positive constant, such that 


(4) 


^ /„» / (*. 0]-* < « 
« 1 0 


where ' a' is a constant independent of x We further assume 

( 6 ) F „ (<, 0 . 0 . . )^0 » 1 . 2 . • 

(6) 1 (/k„(*.<)F„(<, 0. .)rf<) <h 

n 1 0 

where 6 is a constant independent of x 

We now solve the system (1) by the method of successive approxima¬ 
tions For this purpose, we write 
[ = 0 

! yn’^ M - / K„ (*, t) F„ [/, jVi— * (i), yr- » it), .] dt 
1 0 

m 1, 2 

Wc prove that the systems (>„'") approximate to (y„) so that 
(8) I.im 1 == S 

M -> OQ » 1 ml 

and thus solve (1) completely We wnte 

x„*(*) = S If 

ft 1 


(9) 


Xx* (*) “ - (V)* < b 

n 1 


Now from (7) 

yn” * ^ - y" - /k« {X, t) [F« {t, yl^ (/), (t) ) - F« (<, y,**-» (t) )J d 

0 

and so 

X X 

(10) W + ' - yiT)' < in' ( (*. <)]• 'it ^ Xm' W it 

on account of Schwarz’s inequality and (3) Summing from « =» i to oo 
we observe 

X 

(11) Xw+i*(*)<«/x«.‘(<) 

«*•+* 


dt 


r^+D I 


ff gm+i + X 

^ t{m+2) 



240 S. Minakshi Sundaram 

by induction and by (9) From (10) and (11) we at once observe tlifit 

OO 

^ Vi absolutely and uniformly convergent m (0 T), so that, 

m 0 

(12) lyim y*" 

W —► OO 

exists uiiift»rraly for all x in (0 T) To prove that the systems {y„") and (_y„) 
belong to Hilbert Space, we observe as in (10) and (il) 


(13) 

tt 1 

- V)* 

<« / ^ {y*" (01* ^ 

0 " 1 


CO 


OO 

Now 



- ^ (V -1 - V)]* 


// 1 


» I 




< 2 r (y„>)* +2 2: - V)* 

and so 

OO 

fr)]» 

/ OO 

(11) 

S [y„>»^^ 

< 26 + 2tf / £ [y„»' (1)*] it 


n 1 


0 " 1 


Here also by induction we have 

(16) S 1 (X)]* ^ 2b+2*b ax + + ** 

< 2b ^ 

OO 

(15) clearly shows that 2J is uniformly bounded for all values 

If i 

of X in (0 T) and all \ alues of m Therefore £ is convergent for all 

// 1 

values of x m (0 T) 

To prove (8) we put 

(16) (*) = 5 (y„«« + ^-y„<-)* 

n 1 

and observe as in (11) 

(17) y* - \ (^) 

0 

0 

Now from (16), 

(18) ^0 (*) - S [y^ (*)]« < 26 

n . 1 
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and therefore (17) shows that 

(19) J {X - /)«-« ,^dt 

0 


< 


26«*‘ e^ 

r(m) 


X 

J (x - t)"-^ dt 
0 


2b {ax'T 
r (w 4 1) 

since IS an increasing function of t The right side of (19) is indepen¬ 
dent of p and therefore for all values of p and all values of x in (0 T) 

(20) Lim fRm — 0 

W ^ OO 

which proves (8) We have yet to show that the functions (ji?) satisfy 
(1) This is equivalent to proving 


(21) Lim f ) dt 

tff^oo 0 

X 

)dt 

0 

This follows immediately on account of (20) or (8) In fact 

[/ K„(*, t) |f„ (<. yt (t). y^ (t) ) -F„[i.yi^ W. y,^ (0 ]} di\ 

< /«• / [K« (*. 7 r (^„« - yj* dt 

0 0 >/ I 

and the right side tends to zero as w —► «», for every « 

3 We shall now prove that the solution thus obtained is umque 
Let us suppose that there exists another set of solutions [ir„ («)] satisf 3 rmg 
(1) identically, so that 

(22) a (r„)* < c 

// 1 

where c is a constant independent of x Wiite 

A„ - r (y«- -yn)' 
n i 

B* » r - *«)» 

Mlt 


(28) 
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then 

(24) £ {yn - ««)* < 2A„ + 

M 1 

As m (10) we will have 

X / +1 ^ 

(26) < « J Bn,-At) di<j, f {X- (T B,(Q it 

0 ^ 0 
+ 1 + 1 

where Bo (*) 2 «»* < c, (25) shows that 

H 1 

(26) lyim B^ «s 0 Also hm kn, =0 
Hence from (24), letting w —► oo there 

(27) S 

ft * I 

This proves that y„ = 2 „, for every n 

Finally I wish to express my sense of thankfulness to Dr M R Siddlqi 
for his kind critiasms in the course of preparing this paper 
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SIR C. V. RAMAN’S FIFTIETH BIRTHDAY. 

I 

Tub present issue of the Proceeitngs is a volume containing specially invited 
papers, which is being published by the Indian Academy of Saences as a 
tribute of respect and affection to Professor Sir C V Raman on his fiftieth 
birthday He is the outstanding figure m the renaissance of science which 
has been taking place in India durmg the last quarter of a century, and 
indeed with truth he may be designated as the creator and leader of that 
renaissance The progressive enthusiasm for scientific studies and research 
which IS witnessed on all sides in India to-day has largely been insjuted by 
him and encouraged and sustained by his efforts The personal example 
of his dedication to a scientific career, the brilliance and onginahty of his 
researches, the international character of the recogmtion which his work 
has received, his success as a teacher in training investigators who are now 
themselves guiding schools of research, his gift of eloquence which has served 
to stimulate a wide-spread interest in science, his achievements as a scientific 
administrator in creating facilities for research and establishing new schools 
of science, and his success in founding journals for publication of scientific 
work in India, are among the factors which have profoundly influenced the 
progress of science in the country It is therefore only fitting that the 
occasion of his reaching half the allotted span of human life should be 
signalised in a manner worthy of his great work It seems also appropriate 
that the contributions appeant^ in this volume ^ould be prefaced by a 
brief account of the life and work of the leader whom they are intended 
to honour 

II. 

Chandrasekhara Venkata Raman was bom ,at Trichinc^ly in Southern 
India on the seventh of Kovember 1888 He received his early education at 
the Hindu College, Vizagapatam, where his father was himself a Professor of 
Mathematics and Physics I«ater, he studied for four years at the Presidency 
Collie, Madras From this institution, he graduated at the early age of 
sixteen, and two years later took his Master’s degree, in both the cases with 
the highest distinctions Bven as an undergraduate at the Presidency 
CoUege, young Raman displayed his genius for original research and mde- 
pendently carried out his earliest investigations in optics and acoustics which 
found iwhUcation in Nature and the Philosophteai Mt^anne in 1908. 
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As in those days there was no scientific career open to any ambitious young 
Indian, Raman sat for a competitive examination held by the Government 
of India, and securing the highest position m it. was appointed as a Gazetted 
Officer of the Indian Finance Department when barely nineteen years of age 

From June 1907 to July 1917, Raman served with marked distinction 
as an official of the Government of India, for the major part of which period 
he was stationed at Calcutta During these years he contmued his scientifk: 
investigations without intermission and published some thirty original 
communications in Nature, the Philosophical Magazine and the Physical 
Review The capaaty for scientific research thus di^layed even in 
unfavourable circumstances greatly impressed academic drdes at Calcutta, 
and led to his being invited by the late Sir Asutosh Mookerjee, the gifted 
Vice-Chancellor of the University of Calcutta, to accept the Chair of Physics 
newly endowed by Tarakaiiath Palit, a wealthy lawyer of the City With 
rare courage, Raman decided to accept the offer, sacrificing a secure and 
lucrative official position in favour of the comparative poverty of a professor¬ 
ship, in order to be able to devote his whole tune to science Besides filling 
the Palit Chair for the next sixteen years, he also held the honorary office 
of Secretary of the Indian Association for the Cultivation M Science at 
Calcutta, in the laboratory of which the largest part of his researdies for 
quarter of a century was accomplished In April 1933, Raman left the 
Calcutta University and accepted a call from the Indian Institute of Science 
at Bangalore in Southern India where he now works 

III 

The majority of investigators are individualists by nature, but a few are 
born leaders Sir C V Raman belongs to the latter category Impressive 
though his own personal contnbutions to science have been, his greater 
achievement is the work he has done in inspiring a whole group of investi¬ 
gators and creating a distmctive school of research m India During the 
past twenty years, well over a hundred young men—mathematicians, 
physicists, chemists and geologists—have been personally imtiated into 
research by him These young men have been drawn to his laboratories 
from all parts of India, and they have been encouraged to engage m in¬ 
dependent research and to put forth their own individual efforts with just 
the right kind of stimulus and assistance from their teacher This pohi^ has 
proved remarkably successful in bnng^ out thmr highest qualities and 
securing for them academic distmctions The investigators who have 
emerged from Raman’s laboratory have generally proved themadves the 
very best type—brilliant, self-reliant, devoted to sdoice, and not gazing 
themselves in its service They occupy h^ pontions everywhere in India 
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and Burma, in the Professorial and teaching staff dL the Universities and 
Coll^^, and in the scientific services of the Government, and thqr have 
more than held their own m comparison with the products of foreign research 
schools Much valuable scientific work is beiug done m India to-day by 
Raman's former students not only m pure physics, but also m its apphcatious 
such as meteorology, seismology and soil physics Not a few of them are 
pursmng the lines of research which were first initiated by Professor Raman 
in his laboratory Prof Raman's contnbution towards the promotion of 
scientific research in India extends far beyond the circle of those who have 
been privileged to be his pupils or colleagues A persual iff the scientific 
hterature emerging from India during this period will reveal the profound 
infiuence exerted by this great leader on the work and outlook of his con¬ 
temporaries To the younger generation of scientists, he has been the 
leading light and a living source of inspiration 

IV 

One of the ambitions of Sir Venkata Raman has been to secure a promi¬ 
nent place for India on the scientific map of the world As a step forward, 
he realised that opportumties should be created m the country which would 
provide competent investigators, trained in India or elsewhere, with 
scientific careers, for the furtherance of their researches Accordmgly, it has 
been his ceaseless endeavour to create independent schools of research all over 
the country, to stimulate interest for research of a high standard in the 
Universities and the saentific institutions, and to staff them with men of 
proved ability in research On this task he brou^t to bear his varied gifts, 
including his academic knowledge and expenence and a grasp of financial 
and administrative questions such as few scientific mvestigators possess. 
There is scarcely an institution devoted to scientific research to-day in India 
which Sir C V Raman has not at some time or other actively influenced for 
its good The Indian Association for the Cultivation of Science owes to his 
administration, the permanently endowed professorship of physics now held 
by one of his most distinguished pupils, a w^-eqmpped research laboratory, 
a fine library, and a substantial annual grant from the Government of India 
whidi enables its work to be earned on At the Umversity College of Science, 
Calcutta, he has left a staff largely composed of his former pupils and cblla- 
borators, a finely eqmpped d^mrtment of physics, and a great tradition for 
his chair to be mamtained by his successors He has taken a very speaal 
interest in the welfare of the Andhra Umversity and played an active part 
in the 4evek)pment of the University Collie of Saence and Technology at 
Waltair,which is one of the youngest and most promisii^ centres of research 
in India t<hday. Space does not permit of more than a passing reference to 
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what he has done to foster the growth of sdiools of research at the numerous 
newly founded universities in India, in nearly all of which his former pupils 
and collaborators are now engaged in teaching and research One must not, 
however, pass over in silence the magnificent work Sir C V Raman has 
accomplished at Bangalore, where he has bmlt up m a short time and at a 
minimum of expense, a research centre of remarkable efficiency which has 
already to its credit a notable record of saentific achievement 

V 

With the rapid increase in the volume of research work in fundamental 
sciences in India, the need for a periodical was keenly felt and was partially 
met by the issues of Bulletins and later of the Proceedings of the Indian 
A ssociatton for the Cultivation of Science by Sir C V Raman Prom 1926 
onwards, this penodical was issued under the name of the Indian Journal of 
Physics and contained the greater part of the research work of Indian 
Physicists, mostly of its founder Sir C V Raman and his students On his 
shifting from Calcutta to Bangalore m 1933, Prof Raman found it difficult 
to edit the Journal and personally to supervise and stnve to maintain a high 
standard for its publications from at a distance, and he was therefore obliged 
to transfer its control to the men at the spot At the same time, the creation 
of an active centre of research under his direction with a band of enthusiastic 
young men at Bangalore, and the increased productivity in research in many 
of the younger Universities in India prompted him to start the Indian 
Academy of Sciences in 1934, with the triple object of providing a regular 
medium for the publication of approved papers, a platform for discussion of 
scientific communications, and a society for the co-ordmation of scientific 
and industrial researches in India Under his fostering care, the Indian 
Academy has, in the course of the past four years, more than justified its 
creation In its Proceedings which are issued promptly at the end of every 
month, it has provided a medium in which more than half of the scientific 
work done in India to-day is being regularly published 

VI 

The world has not been slow to rccogmse the importance of the achieve¬ 
ments of Sir C V Raman as an investigator and a leader of scientific research 
Scarcely had he completed six years as a Profosor of Physics when the Royal 
Society of London elected him as its Fdlow m 1924 He was knighted by 
the British Government in 1929 He was the recipient of the Ifotteucd 
Medal of the Italian Society of Sciences in 1928, of the Hughes Medal of the 
Royal Society in 1930, and lu the same year he was awarded the Nobel Prize 
for Physics He has received honoris causa the D.Sc degree of the Pam 



Sir C, V. Raman's Fiftuth Birthday 


247 


University, the hh D degree of Glasgow and the Ph D degree from Freiburg 
The Umversities of Calcutta, Bombay, Madras, Benares and Dacca m India 
have also conferred honorary doctorates on him He is an honorary Fellow 
or Member of various learned societies, including especially the Royal Philo¬ 
sophical Society of Glasgow, the Zunch Physical Society, the Royal Irisli 
Academy, the Deutsche Akademie of Mumch and the Huuganan Academy 
of Sciences He is also an honorary member of the Indian Mathematical 
and Chemical .Societies, of the Indian Science Congress and other societies m 
India He also holds an honorary Professor^p at the Hindu University of 
Benares and at the Andhra University, Waltair 

VII 

A remarkable fact about the life of Sir C V Raman is that he started his 
career as an investigator without any external stimulus and attained the 
greatest eminence as a scientist, by his own individual effort, sustained by 
the work of his devoted pupils The fact that he had no training in foreign 
laboratories endowed him with a power born from within and an originality in 
moulding the career of young men In later years, his ripe expenence as a 
scientific leader was enriched by his frequent travels outside India which have 
afforded him opportunities of visiting the leading research laboratories and of 
cultivating personal relations with the leaders of Europe and Amcnca His 
first visit to Europe was in the summer months of 1921, when he attended 
the Congress of the Universities of the Bntish Empire held at Oxford In 
1924 he was invited to Great Bntam to ]om the Bntish Association for the 
Advancement of Science in a tour across Canada, and was requested to open 
a discussion on the Scattering of Eight at the Toronto meeting of the Bntish 
Association and of the International Congress of Mathematicians Following 
this meeting, Raman visited the Umted States to represent India at the 
Centenary of the Franklin Institute at Philadelphia At the invitation of 
R A Millikan, he spent four months at Pasadena as a Visitmg Professor at 
the California Institute of Technology, before returning to India early in 
1926 In the autumn of 1925, Raman again visited Euri^ as the guest of 
the Russian Academy of Sciences to represent India at the Bicentenary 
celebrations of the Academy in Eeningrad and Moscow In 1929, Raman 
was invited by the Faraday Society to open a discussion on molecular spectra 
at Bristol, and took the opportunity of visiting and lectunng at many centres 
of learning in Europe He subsequently visited Europe m the winter of 
1930 to receive the Nobel Prize at Stockholm , in 1932, to receive the honorary 
Doctorate at Pans, and in 1937, as an invitee to take part in the International 
Congretees of Phykes at Paris and Bologna 
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VIII 

Sit C V Raman is entering on his fifty-first year filled with youthitil 
energy, a buoyant enthusiasm and a single-mmded devotion to the cause of 
science All his friends and admirers jmn m wishing him health and strength 
to carry on his work with unabated vigour and look forward to further 
notable achievements by him in the field of science 

B S If. 

CSV 



PREFATORY NOTE TO THE SPECIAL NUMBER 

Thk research papers published in the last twenty years by Sir C V Raman 
and the collaborators in his laboratory dunug the period of his Professor¬ 
ship include over 600 titles, and the topics with which they deal indicate an 
asto nishing catholicity of scientific interests The investigations concern 
themselves with subjects so diverse as the dynamics of vibrations and sound, 
the theory of musical instruments, speaal diffraction problems, meteoro¬ 
logical and colloid optics. X-ray diffraction in hqmds and solids, magnetism 
and magnc-crystalhc action, electro and magneto-optics, photo-elastiaty 
of sohds and fluids, dielectric behaviour, and ultra-somcs In all of these, 
subjects, the researches of the school have notably influenced current progress 
It IS not possible within any reasonable limits of space to review them even 
in broad outline 

By far the best-known work of Sir C V Raman is his discovery early 
in 1928 of the new radiation effect known by his name and which was the 
natural culmination of the investigations on the scattenng of light syste¬ 
matically earned on in his laboratory smee 1921 The ten years which have 
elapsed since the discovery of the effect have witnessed the fulfilment of the 
confidently expressed hope of the discoverer that it would throw new light 
on many problems in Physics and Chemistry A great volume of hterature 
has grown up round the subject, but the possibilities of further advance are 
as great as ever in respect of both the physical and chemical apphcations 

The Council of the Academy felt that it would be desirable in some way 
to signalise the completion of ten years’ international collaboration and 
research on the Raman effect Accordingly, in inviting contnbutions to 
this Speaal Number, they indicated the scattenng cS light, the Raman effect 
and related topics as the preferred subject To the sevaral distinguished 
contnbutors from outside India who have generously responded to the 
invitation to contribute to these Prozesdtngs in ^te of the very short notice 
given and who have helped to make this Special Number a truly international 
effort, the Council of the Academy tender their grateful thanks In honounng 
Su C V Raman and the Academy by thar contributions, the authors have 
also hdped to advance the cause of scien<», for there can be little doubt that 
the perusal of the contents of this volume will incite new efforts in this 
field of reseazdi in many countries 

conveying good wishes and fdidtations have been received 
from many distinguiBhed men of science indoding the contributors to the 
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Volume, as also several others who owing to shortness of notice or other 
cause were unable to send formal papers, namely Professors C G Darwin, 
W Heisenberg, G Mie, W Pauli, J C Slater, A Sommerfeld and H C Urey. 
Professor K W F Kohlrausch of Graz, besides forwarding ten onginal 
contributions which appear in this volume, has sent a message which is 
reproduced below 

B S M. 


Srhb ubbhrtrr Hfrr, 

Anlioffnnd finden Hie zehn Arbelten aus dem Gebieto des ** Baman-Eftektefl ", dia 
das PhyHikaliMclie Instiiut dor Tocbnischen Hochochule Oraz alo kleinon Bodmg zu dom 
Hir Vonkata Raman Kawidmeten Kesiband der " Proceedings " zu Uberreichon die Ehre 
hat 

Im Dozembar 1028 wurdan an diesam Innlituto die erston Ramnn-Spektren 
aufgenommen, die danials in Betrleb geaotzte Apparatur hat bis heutc 2775, die 
Ubrigen alltnahlich hinrugakommonon Apparaturen haban rund 700 Aufnahman 
gahnfert Die MosBunKH^Ergebnisse wurden im etwa 150 Publikationen vorwertet, 
darunter waren sechs Pissertationen, drei Habilitations schrifton, zwei bUohor 

Belt 10 Jahren liegen die Arbeitziele der Institutes fast ausschbessllch auf detn 
Qebiote dor molokularon Bchwingungs spektren, also auf omem Gebiete, das erst durch 
die Entdeckuug des ** Raman-Eflektes " wirklich zug&ngUch gemacht wurde Es Ist 
kaum abzfthlbar, wle oft in diesen 10 Jahren der Name " Raman " ausgesprochen und 
wledergeschneben wurde 

Pass dfis Institut und alle saine Angehdrigen jenem Manne, dossen Gome es die 
MOglichkoit zu diosem zohnjlthrigeu intensiven Arbeltsbetrieb vordankt, aufriohtige 
llochachtung und Vorehrung entgegenbringt, ist selbstversUlndUch Ich inache mich 
zum Sprechor aller Gmaer NUtzniosser seiner Entdeckung, wenn ich in ihrem und in 
meinem eigenom Naxnen Sir Venkata Raman zu seinem fUnfzigsten Gebilrtstage auf 
das herrlichste beglUck-wUnschn 

K W. F. Kohlrausch 



ON THERMAL DEPENDENCE OP ELASTICITY IN 

SOLIDS. 


By lyigoN Briixouin 

{Profeiuteur au College de France, Priatdeni de la SoiiVi Franai^ de Pkyatque ) 
(From Department of Theoretical Phyetce, CoUege De France ) 

I AM very much pleased to seize the opjxirtamty of this Jubilee Volume to 
pay my tribute of admiration for the wonderful work of your President, Sir 
Venkata Raman, whom 1 am glad to count among my personal friends since 
a good many years Knowing the keen interest Sir Raman always brought 
to the problems of solid and hqmd structure, I would like to present a few 
remarks on this very old question of physics, for old physics often wants 
thinking over again 

While writing last year^ a book on elastiaty and explaining the role of 
thermal agitation in solids, I tncd to give a fairly Ic^cal and systematic 
deduction of the theory of speahc heat and thermal expansion of sohds, 
which obliged me to make some changes and improvements on the generally 
admitted theoretical scheme. 

This brought me once more to a problem which troubled me for a long 
time, and where I always felt some link was missing in the reasomngs, namely, 
how should temperature modify the elasticity coefficients of a sohd body ’ 
A good many papers were wntten on the subject, also books and handbook- 
articles, but I suddenly discovered where the error was everybody (includ¬ 
ing myself) started with a study of thermal agitation in an isotropic sohd, 
thus analysing thermal motion into elastic waves of the two classical longi¬ 
tudinal and transversal types Then, having analysed thermal agitation 
only for an isotropic sohd, one used to take the resulting formulae as always 
valid for a sohd body distorted by any sort of stresses, and to build up a 
general thermodynamical theory of solid boffies on such a basis 

But the whole method is wrong, from a study strictly hnuted to iso¬ 
tropic solid structure, one is entitled to draw conclusions only so long as the 
solid remains isotropic, but nothing can be said about what happens when the 
solid becomes anisotropic due to the action external unsymmetrical forces 

I just noticed this point m my book (pp 344, 84S), and had to wait until 
recently to be able to put these general remarks mto a more precise form 

* Brillouin, L., Zee ietteeure en m4eanique et en dUutteiU, Mnsson, Pans, 1837, Cb. XII. 
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I pexformed all necessary calculations, which are rather tiresrane, bat 
entirely justify my point of view Let us take an isotrc^c sdid body, then 
stretch this solid along the x direction, by applying X forces , the sohd is 
now becoming amsotropic, its elastical pri^erties along the x direction 
differ from those along the y or « direction, it has taken the symmetry of an 
uniaxial crystal As a matter of fact, calculation checks this prediction, and 
shows that elastic waves propagate in such a stretched solid body m a very 
particular way, there are no more longitudinal and transversal waves, but 
for each direction of propagation one finds three different orthogonal p<dar- 
isations, one of which is nearly longitudinal, the second one exactly trans¬ 
versal and the third one perpendicular to the first two and nearly transversal, 
to these three independent polarisations there correspond three different 
clastic wave-velocities 

Having thus obtained a rigorous analysis of thermal agitation in a 
strained sohd body, it is possible to develop the whole thermodynamics of 
solids and to draw conclusions as to the influence of temperature on elasti¬ 
city coefficients The general results are as follows — 

Fxriit —One may consider the elasticity coefficients which rule pri^aga- 
tion of hypersonic waves, whose frequenaes are near the Debye limit, those 
elasticity coefficients are given by the derivatives of the elastical potential 
energy and will be only affected in an indirect way by the thermal expansion 
they should accordingly show a slow decrease with mcreasing temperature. 

Second come the macroscopteal elasticity coeffiaents, as measured in 
the propagation of acoustical or suprasomc waves; these coefficients are to 
be derived from the free energy instead of the potential energy, and are 
directly influenced by thermal agitation, it is rather difficult to predict the 
venation of the A coeffiaent, but the ngidity coefficient fi should show a 
very peculiar decrease with increcuiing temperature While rather slow at 
very low temperature, this decrease should become faster and faster at 
high temperature , for room temperature, and for solids not too near their 

RT 

melting points, the decrease might be of the ordtf of 60 to —100 times 

Now what happens if we approach the mdting point ? We may by 
way of extrapolation guess that the macroscopical rigidity will tend to zero, 
while the microscopical ngidity remains finite 

While melting, the body is unable to react to shear (on macroscopical 
scale) but will still be able to propagate hypersonic transversal waves, so 
that its specific heat will remain about 3R, just like for a sohd body, and 
this is what really happens 



On Thermal Dependence of Elasltcity in Solids 253 

I wish to recall here an old work of Sutherland* where the following 
curious curve is to be found, ordituites y represent the ratio of /x (T) 



to ft (o) (at zero temperature) , while abscisses x mean the ratio of absolute 
temperature to melting point; so that x ^^lis the melting point My father 
repeatedly emphasized that the melting point should be defined as the point 
where the rigidity of a solid becomes zero; the preceding deductions seem to 
bring a strong support to this prediction. 

Of course, it is difficult to imagine that the Sutherland curve should run 
smoothly up to the mdting point, since it would mean melting without any 


* Sotheriuid, PhiL Mag^ 1801, n 48. 
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latent heat of fusion, which is not true, but one must keep in mind the fact 
that the actual latent heat of fusions are always small if compared to latent 
heats of vaporisation, and everybody agrees now that the liquid state is 
often very much nearer to the solid state than to the gaseous state More¬ 
over, it has to be remembered that isotropic sohds are but a fiction, and have 
been used only by way of simplification, because the complete theory of 
elasticity would be too complicated in case of crystals, we can guess that 
for a crystal the different rigidity coeffiaents could not tend all to zero for 
the same temperature , when one of these rigidity coefficients comes to zero, 
the whole stability of the crystal is destroyed, and this may involve a certain 
heat of transformation at the melting point 

The complete study, a brief account of which is here given, will appear 
in the “ Memorial des sciences mathematiques ’’ (Gauthier-Villais, Pans) 
and IS now under pnnt I thought it worthwhile to summarize here the 
mam results, because they suggest expenmental work to be tned on sohds 

1 Experimental determination of elastiuty coeffiuents of solids, as 
functions of temperature, up to the melting pomt, m order to check the vahd- 
ity of curves of the Sutherland type—The measurements should better be 
earned on by ultrasonic methods 

2 Optical determination of the nature of h}rpersomc elastic waves 
representing thermal agitation in solids and hqmds, both sides of the melt¬ 
ing point. 111 order to see whether hypersonic transversal waves disappear 
suddenly at the melting point, or rather persist in the hquid above the mdt- 
ing point, as suggested here , the transversal elastic waves should presumably 
change progressively into transversal viscosity waves, as investigated by 
Eucas 

This study could be performed by means of optical determination of the 
structure of the Rayleigh scattered light, along the hnes of the theory I 
developed about 1920, and of which Sir C. V Raman himself has brought 
recently* some very remarkable expenmental proofs 


* Baman, C V , and Venkateiwaran, C 8., Nature, August 6,1938 



STUDIEN ZUM RAMAN<EFFEKT. 

Mitteilung LXXXIX: Aethylenoxyd. 

Von K W K Kohuiausch 

UNO 

A W Rsm 

(174, MiUeilung aua dem phy»ikaliachen Inatitut der Teehnucken Hoeksrhule Gras ) 

(Hfit 3 Fignrcn iin Text ) 

Ke worden Beobachtiingen Ubor dae KamanBpektniui dee Aethylenoxyds und 
dflBsen rolan8atioii8-Verhfl>ltiu8se mit^teilt In der Duikawion werden dn* bishengen 
Deutungen des Rpektriims bosprorhen Oegen sip wird eingewendot. daQ sip erslens 
den expcrimentell bcstimnitpn Polarisations* und Absorptions-VcrhUlnisspn, rwpitens 
gpwissen an die mnere Widprspmrhsfreiheit des Deutungs-Krgpbnisses zu stellenden 
Forderungpn iind dnttens der Koppelungswirknng sirisrhen Ketten-iind glclchrassigen 
C'll-Freiinenrpn nicht Rerhnung tragen 

Mit dem Schwingungs-Spektmm des ringformigen Aethylenoxyds C 1 H 4 O 
haben sich bereits mchrere Autoren besch&ftigt Ueber das Ramanspektrum 
benchteten Lespteau-Grddy,^ Ttmm-Mecke,' Ananthakrtshnan* Bonner*’ uber 
seme Polansationsverhdltmsse AnatUhakrtshnan* hber das Ultrarot-spcktram 
Bonner,* uber Ramanspektren von Denvaten des Aethylenoxydcs Leipteau- 
Gridy * Versuche zur Zuordnung der Kettenfrequenzen und zur Berechnuug 
der Molekhlkonstanten (Bederkrafte, Valenzwinkd) findet man bei Pat,* 
Ttntnt’Mecke,* Ananthakrtshnan* und Bonner * Bei der Zusammenstellung^ 
des expenmentellen Befundes und bei der Sichtung der Diskussions-Ergcb- 
nisse zeigten sich gewisse Unstimmigkeiten Mit Rucksicht auf das grund- 
satzhche Interesse, dass die Spektren der einfach gebauten Molckule und 
besonders die der wenigen Vertreter von Ringmolekulen nut mednger 
Ghederzahl haben, schien es uns der Muhe wert, den vorhegeuden Ball 
nochmals experimenteU zu bearbeiten und die Gesamtergebmsse neu zu 
diskutieren In expenmenteller Hinsicht schien uns zur Ergdnzung zweierlei 


* B Lospleau, B Gr4dy, C R Aeud Set , Paris, 1033, 106^ 300, Bull Soe. 
chtnu, France, 1033, 6^ 769 

* B Timm, B. Mecke, Z Pkyeik, 1036,97, 221. 

* B Anaiitbakrlsbnan, Proc, Ini, Aead Set,, 1036,82 

* li. O Bonner, J ehem, Pkynea, 1937,8, 704 

* R,. O Pal, Indian J. Pkynei, 1934,0,123. 

* L a. Bonner, J ehem Phyetee, 1937, 6, 203. 

7 K. W. F. Kohlraueoh, Sinekal*Bainan>Bffekt, Brg B, Spnnyer, 1038, 8.166 
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notig Hrstens zu versuclien, ob mcht dutch verbesseite Versudhsbedingttngeo 
em verbessertes (voUstdndigeres) Raman-Spektrum zu gewinnen sei, zwettens 
die Polansations-Messungen Ananthakrtshnans, bei denen die Intensit&tsver- 
haltmsse un it- und a-Spektrum mcht gemessen, sondern ohne Kenntnis der 
Gradationskurve nut subjektiv geschatzt werden, in quantitativer Weise ztt 
wiederholen 

ExpentnenteUe Ergebntsse 

Aehnlich wie die niederen Alkohole hefett auch Aethylenoxyd emeu 
unerwartet starken Untergnind, dessen IntensitUt das AuiCndeu sdit 
schwacher Streulimen eischwert Ks wurde daher groOe Soigfalt auf die 
Rciniguug der Substanz gelegt (mehrfache Destillationen m der *' Tiefsiede- 
Apparatur "), die schlieSIich in NfAtmosphare in das Ramanrbhr hbeige- 
fUhrt wurde 10 Aufnahmen, 6 mit Filter. 4 ohne Filter nut vanierter BzpO' 
sitionsreit und nut normalem (0,06) bezw verengertem (0.03) Spalt wurden 
gemacht, es wurden zwar Verbesscrungen erzielt, doch mcht im Verhfiltnis 
zur aufgewendcten Muhe Die Messungsergebmsse wurden zu einem gemit- 
telten Streuspcktrum zusammgezogen und aus den 60 Diiuen dessdben das 
folgende Ramanspektnim abgeleitet (^i, bedeutet z B, daO die betreffende 
Streulime auf 10 Flatten von Hge erregt gefunden wurde) 

A V = 260 (00) (««). 417 ( 00 ) («,), 609 (0) («,), 669 ( 0 ) («,), 603 (00) («,), 
704 ( 0 ) {€^, ~ g — 806), 806 (6 b) (A 4 , tj, + Ci, Cf), 863 (6 6 ) (^ 4 , Sj®, 
Cl). 1023 ( 0 ) (C 4 . ~ g - 1124). 1069 (i) (c„ ~ / - 1116); 1120 (4) (* 4 . i*. «„) . 
1163 ( 1 ) (A 4 . ii, c.). 1267 (10) (^ 4 . *«. /., «io), 1379 (0) (c.). 1469 (0) (c.). 
1487 (1) (^ 4 , e 4 ), 2916 ( 8 ) (^ 4 , k^, iCi#), 2968 (7) (jj, Pi, * 4 , Cn), 
3007 (10) (^j, 0 |, ki, * 4 , Cio), 3061 (2) Og, kg, tg, Cg) 

Die lyimen 250, 417, 603, die an der Grenze der Beobachtbarkeit liegen, 
sowie Dinie 1059 (J) (Ueberdeckung mit / —1116) halten wir fflr sehr 
unsicher Von den restlichen, gegenhber den bishengen Beobachtungen 
neuen Dmien, iiAmlich 609(0), 669(0), 704(0), 1023(0), 1379(0), 1469(0) 
mochten wir als zu wenig gesichert noch aussdieiden 669 und 704 

An Polansations-Aufnahmen* wurden drei durchgefhhrt; zwei mit 
Filter, und eine ohne Filter, um die von Hgk erregten, im Blau gdegenen 
V (CH)-Frequenzen zu etfassen Das Eigebnis war * (Neben der Frequenz 
bteht in Klammem die Summe der im n- und o-Spektrum gemessenen Infien* 
sitaten, sowie deren Verhaltnis pw) 806 (64 , 0 , 86 , 0,87, 0,80), 868 (63, 
0,81, 0,87, 0,77), 1123(37, 0,21, 0,26, 0,24); 1168(24 , 0,78, 0,65,— ; 
hberdeckt dutch die hoch-pdarisierte lame / - 1267); 1267(177; 0,07, 

• Ver^. A W. Beits, Z phwnk. Cktm , 1036. (B ),», 368 j 1087, U, 275, 881. 
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0,08, 0.13); 1487 (16 , 0,66, 0.68. 0,61), 2616 (79 .—. —. 0,19), 2958 (70. 
—. —, 0,18 [e - 1163 I]), 3007 (163 . —, —, 0,11) , 3061 (64 , —, —, 0,80) 

Endhch sei in Fig 1 die von Bonner (loc ctt) ita Bereidi von 1 bis 
10 ft aufgenomtnene Absorptionskurve des ga&fbrmtgen Aethylenozyds 
wiedergegeben, da aus ihr die in Tabdle 1 angefohrten Absoiptions-Inten- 
sit&ten entnommen wurden, am Fosse der Figur warden die beobachteten 
Ramanbnien eingetiagen 



Fro. 1. 

Uoaner’t AbBorptlona'Bpektnim des guf 4ethyleiioxydc<i, veigllchen mil dem 
HanuuiHpektrum, Absamsi* Wolteniknge in 15 cm C'jUtO>Oas bet 700 (Kiirve A) 
becw. 25 (Kurve 0) mm Druck. 

Die Gesamtergebmsse sind in Tabelle I zosammengestellt and bilden die 
eicpeiimenteUe Grundlage der anschliessenden Diskussioa Zu ergdnzen ist 
die Tabelle dutch die fcdgenden von Bonner gefundenen, als Grandtone aber 
kaum m Frage kommenden Absorptionsfrequenzen, ihre Ablesegenauigkeit 
und (m Klammer) ihre nach Fig 1 geschtttzte Intensitttt sowie erne versu- 
cfaaweiae BrUarung: 1626 5 (m, 2 >813), 1733 ±0{ss , 2 *867), 2024 ± 

8 (m ; ~ 1134 + 862); 2804 ± 10 (fM , 1493 + 804); 2632 d: 20 (s s . 

1134 +^498); 3891 ± 40 (s , 3021 + 862); 4130 ±70{s, 3021 + 1134), 
6211 ± 100(«; '«2«8021). 
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TABSLtS I 


Das Schwingungs-Spektrum von Aethylenoxyd 





Raman Spektren 


Absorpton Spectre 


liORpicau 

GrWy 

Timm 

Mecko 

Anantbaknahnan 

Bonner 

K WFK 

A WR 

Bunner 

1 





509 ( 0 ) ? 


2 





704 ( 0 ) ! 

606 ± 3 (m s) 

.1 

808 («) 

807 ( 0 ) 

807 (8 b,dp) 

807 

806 (6b, dp) 

m ±2 (hh) 

4 

8(19 (0) 

873 (1) 

800 (8b, dp) 

867 

863 (6b. dp) 

602 ±2 (a at PQR) 

r» 





1023 (0 T) 


0 

1119(1) 

1128 (1) 

1122 (5 p) 

1123 

1120 (4, p) 

1134 J; 3a (t ) 

7 



1169 (2b, dp) 


1163(1, dp) 


8 

1289 (8) 

1208 (5) 

1270 (15, p) 

1269 

1267 (10, p) 

1255 J. 8 (aat , PQR) 

9 

♦ 




1379 (0 T) 


10 

! 




1460(0, dp T) 


11 



1492 (lb, dp ?) 

1488 

1487 (l,p) 

1403 d- 6 (m) 

12 

2917(3) 

2924 (1) 

2917 (0, p) 

2914 

2016 (8, p) 


13 

2959 (3) 

2970 (1) 

2900 (6, p) 

2058 

2988 (7, p) 


14 

3009(3) 

3008 (1) 

:i008 (10, p) 

3007 

3007 (10, p) 

3021d.20(Ht) 

15 

_ 

3047(1) 

3062 (4l>, dp) 

3061 

3061 (2, dp) 



Zwecks Brleichtcrung des im Folgenden unmer wieder herangezogenen 
Vergleiches mit den Verhdltniasen bei Cydopropan, smd m Fig 2 die 
Spektren der beiden Grundkorper C|H« und C 1 H 4 O sowie die der beiden 
cinzigcn derzeit bekannteu Denvate mit i^eichartigen Substitution, namlich 
der 1, 2-Dimetbyl-Denvate eingetragen. 
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niP 'Ramanspekbren von Oycslopropan uni Aothylonoxyd 
Bowie Hirer 1, 2-Diin0thyl-r>erivate 

Dtskusston 

(A) AuswahlregelH und Schwtngungsformen l^ur Cyclopropan mit der 
Symmetne Dm gelten die Auswablregeln der hnken Halfte von Tabelle H, 
die to gdioren zu Ketten—, die y, S, v zu CH-Schwingungen Wurde man 
eine der drei Methylengruppen des Cyclopropans verandem. etwa CH, —►CD* 
Oder C“H,—►C^i, dann wurde die Symmetne von Dm auf C,p enuedngt 
und man erhielte die Auswahlregeln der rechten Seite von Tablle II Dabei 
spalten die zweifach entarteten Schwingungen vom Typus £' bezw £' auf 
in solche vom Typus A* und Bi bezw vom Typus A* und B, Ersetzt man 
andrerseits eine CHfGruppe durch 0, dann v^sdiwmden uberdies die zu ihr 
gehongen y, v (CH)oFrequenzen, die in der letzten Spalte zusammgestellt 
sind 

Tabsi,!^ II 

Dte AmwaklreglH fUr Cychpropan und Aethylenoxyd. 


Kette GH 


€fx 

Kette CH 

Aj' p la eu* 8 y 

B' dp Ml 01*4 y 8 ► 
A,' V la y • • 

>1 

>i 

Aj n a p Mg 

«s B dp Mjr 

<0* (0| y* 8* V* 8 V 

«»» 7* 8* V* y 

A** V la y . . 

B' dp la . y 8 y 

A,* T .. . 8 V 

> 

>i 

Ag a» M dp lA 

Bg ■ dp My 

Vt ^ V* y 

♦ • y* 84 v* 8 y 


Oyd^iopu 3>fH 

A2 


Aetiteylewtiyd Igg 


r 
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Die Schwitigungsformeti des Aethylenoxyds bind m Fig 3 wiedergegeben 
Ihre Bezeichnung' stimnit mit der vou Tabdle II uberein Zu beadbten ist 
nur, daS fur die Kettenschwmgungen die ay, fbr die CH-Schwingungen 
jedoch zur leicliteren Darstellung die a,-Ebetie in die Fapierebene gdegt 
worde Die Formen sind schematisiert und hangen noch von den dynamischen 
Verhaltnissen des Molekules ab 



Seheouituche Fornien der Ketten-und CH'Schwlngungan von Aeihylenoxyd 


Der summarische Veigleich zwisdien der in Tabdle II enthalteuen 
Brwartung und der in Tabelle I zusanunengestellten Beobachtung ergibt fdr 
das Ramanspektrum. 


v(OH) 

I im Krequeitfgebiet unter 1600 


p <»p 

P 

dp 

P 

dp 

Liaientohlereartet 1 3 

4 

7 

5 

10 

(, beobftohtet 8 1 | 

8 

7-8 

6 

8-9 
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Sicher tntt demnach im Gebiet der CH-Valenzfrequenzeii, ahnlich wie 
bei Cyclopropan,* ** etwas unerwartetes ein Statt nur eiiier polansierteu Lime 
werden ibrer drei gefunden Em Toil dieser Unstimmigkeit, vicUeicht auch die 
ganze.wirdwohlauf‘'F«m*-Resonanz’'[v(CH) ~2S(CH',z B 2 1469 — 2938, 
2*1487 = 2974J und die dadurch bewirkte Lmienvermehruiig zuruckzufuluen 
sem Im Frequenzgebiet unter 1600 cm ist obiger Veigleich unsicher, da— 
etwas wiUkurlich—die schwaclien Lmien Nr 1. 2, 5, 9, 10, deren Folansa- 
tionszustand nicht bestimmt werden konntc, als depolansiert eingesetzt 
warden Immerhin wird man sich wundem mussen, daO von den zu erwart- 
enden 4 totalsymmetrischen Schwmgungen, die doch mcist zu kraftigen und 
polansierten J 4 nicn fuhren, nur drei gefundeii wurden 

(B) Das Kettenspektrum des Dretecks-Modelles Bezeichnet man in 
Cyclopropan die Eederkraft fur die C C-Bindung mit f', die Masse der Gnippe 
CHj mit m, die Dcformationskoiistaiite mit d', dann gilt bekanntlich (S R K 
Erg Bd S 66) fur ein Valenzkraftmodell 

1 (a) ni* = 3 f'/m . 1 {b, c) n. = 3 (f' + 3 d')/2 m , mit n* -- 6.86 10-* w*, 
Bezeichnet man beim Ubergang zum Aethylenoxyd die neue CO-Federkraft 
mit f, die Masse von O mit M, den halben Valenzwinkel an O nut a, die 
Deformationskonstante fur die Aenderung dieses Winkels nut d, dann gilt 
(S R E Erg Bd , S 68) 

2 (a) ni*+ n,*= 2 f'/m + £ (1 + 2 ^ cos* a)/m + (2d + d') (1 + 2 JJ 

sm* o)/m 

2 (6) nj*n,* *= (l + 2 g) [2f'f cos* o/m*+ 2f' (2d + d') sin*a/m» + 

+ f (2d + d')/m*] 

2 (c) ni*= (f + 4d' cos* o) ^(1 + 2 sm* «^/m 

Der wesentliche Uiiterschied in diesen beiden Fallen—und auf ihn wurde 
auch bei den bisherigen Diskussionen das Hauptgewicht gelegt—besteht 
also, wie ebenso aus Tabelle H hervorgeht, dann, da6 bei Ermedngung der 
Symmetne von Dat auf Cm; die entartete Schwingung , aufspaltet in erne 
mit ctfi rassengleiche totalsymmetnsche (<i>t) und in eine antisymmetnsche 
Schwingung w, Es ist fhr das Folgende von einigem Interesse die GroOe 
dieser Aufspaltung in Abh&ngigkeit von den Modellkonstanten etwas naher 
au betrachten 

Wenn man“ in Cydopropan f'=«f <93,86 10*, d'^ds* 0,086 10*, 
M m a- 14, a » 60 setzt, erhalt man aus den Formeln 1 oder 2 die nut 

• K. W F Kohlrausch und R Skrabal, JIf* Chem , 1937, 70, 877. 

** E. W, F. Eohleausoh und F Koppl, Z, phyttk Chem,, 1934, (B), 30,209. 
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der Beobachtung Uberemstimmenden Frequenxweite 

1186, =866, 

von denen, wie es nach Tabelle II sem soli, erstere p und ia, letetere dp und 
a ist Aendert man am Modell mchts anderes, als dafl nun m = 14, 
M = 16 wird, dann erhalt man aus Gl 2) 

(Oi=1162, <i>|='846, o),— 848 

Die Frequenzen erniedngen sich entsprechend der Aenderung der sdiwin- 
genden Gesamtmasse von 42 auf 44 urn den Faktor V42/44 , die Aufspaltung 
< 0 , — < 0 , = 2 cm 1 st so gering, da6 sie angesichts der ziemlichen Dmien- 
Breite von o),,, der Beobachtung entgehen wiirde Erst wenn man die 
Werte der Kr^tkonstanten f und f' versdueden madit oder die Gleichheit 
der Winkel aufhebt, kommt es zu praktisdi merklichen Aufspaltungen, wie 
die Durchrechnung eiiuger Beispiele und ihr m Tabelle III zusammgestdltes 
Ergebnis zeigt In dieser Tabelle unterscheiden sich die Modelle emer 
Honzontalreihe im wesentlichen nur in den Konstanten f und £', die einer 
Kolonne nur durch die Vcrschiedenheit von a Man best aus der Tabdle 
ab, daO otx fast unabhangig von a und (in Analogic zu Gl la) im wesentlichen 
gegeben ist durch n/= 3 •(£'+2f)/(2m + M), dafi nut zunehmendem 
Valenz-Winkel w, stets ab, ci>, stets zuninunt und da6 die Gleidiheit a», ^ w, 
im ersten Feld bei 2 o = 60®, im zweiten Fdd bei 2 o sj 64®, un dntten Feld 
bei 2 a ~ 54° eintntt, sie wurde im ersten Fall notwendige, m den beiden 
andern Fallen zufdllige Entaitung bedeuten 


Tabbub in 

Frequenzgang fur das Dreucks modeU bet Vartatum 
der Modellkonstanten (d *086) 


a 

COi 

COg 

CO, 

"1 

CO, 

D 

CO, 

COg 

Oh 

24“ 

1186 

908 

810 

1190 

933 

806 

1224 

010 

867 

27“ 

1185 

888 

841 

1147 

908 

824 

1223 

800 

888 

so* 

1186 

866 

lUU 

SDO 

1200 

883 ! 

848 

1210 

871 

012 

88* 

1184 

844 

803 

1209 

862 

868 

1222 

844 

036 

36* 

1186 

817 

017 

1213 

824 

802 

1221 

810 

061 


f 

'»:3*80 

io» 

f «3 85,f'-4 

5 

fi.4 

5;r-3 



m » M > U m « 14, M - 1« m « 14, X « IS 

(C) ModeUmaOtge Behandlung des molektdaren KeUenspekktms. 
Verwendet man die Formdn (2) zur Besdueibung des mdekularen Ketten* 
spektrums und macht man die plausible Annahme, dafl anch in einem 
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gespannten System unter sonst gleichen Umstfiuden zor gt^eren Feder- 
kraft die kleinere Atomdistanz gehort, danti smd von den in Tabelle ttt 
gerechneten Beispiden einige als wirklichkeitsfremd auszuschalten Setzt 
man namlich ein bestimmtes Orodenverhaltms f (CO) f' (CC) voraus. so ist 
damit eine Aussage iiber das VerMltnis der Atomentfemungen s (CO) 
s' (C C) und daher erne Aussage tiber die Stnmpf-oder Spitzwinkligkeit des 
Dreieckes verbunden. und nur jene Fdlle der Tabelle IH konnen im Mdekfil 
reaUsiert sein, bei denen in dieser Hmsidit kem Widerspnich besteht In 
Feld I (f = f', also s = s') ist nur die I/Osung fur 2 o = 60® physikalisch 
sinnvoU, in Feld II (f < f', s > s') tnfft dies nur flir die I/>sungen mit 
2 a < 60, in Feld III (f > f', s < s') nur fur die FfUle nut 2 a > 60“ zu 

Pax {loc ctt) hat die Formeln eines Zeutralkraftsystemes (man setze in 
den 01 2 die GroSen d und d' gleich Null) verwendet, als Kettenfrequenzen 
abcr 810, 865, und 1123 emgesetzt, infolge der falschen Wahl fur wi (1123 
statt 1267) acheiden seine rechnenschen Ergebnisse aus der Diskussion aus 
AnatUhakrtshnan (he, ctt) rechnet ebenfalls mit den Formdn des 
Zentralkraftsystemes und erhhlt als I<osungen 




Oil 

f' (C.C).10-» 

t (C 0) io-» 

2a 




f 6,fle 

(.3,69 

51® 

{>) 

807 

see 

1270 





1 3.22 

4,05 

22® 

(8) 




\ 6.16 

3.0 

72® 

(3) 

860 

807 

1270 

< 






1 3,02 

5.04 

44® 

(*) 


Nr 3 dieser Losungen wird in Fett>Drack wiedergegeben und offenbar far 
die passendste gehalten Nach dem w o fiber den Zusammenhang zwischen 
f/f' and dem Valenzwinkel Gesagten ist aber nur Losung (1) in dteser Hinsicht 
widerspruchsfrei; in anderer Hinsicht ist sie jedodi recht unwahrscheinlich 
Denn im allgemeinen ist s (CO) < s' (C C) und daher ist, da man kaum 
annehmen viird, xlaO durdi die Ringspannung das Grofienverhaitms 
umgekdirt wird, ein stumpfwinkhges Dreieck nut f (CO) > f' (CC) zu 
erwaiten 

Bonner (he ctt) verwendet ebenfalls das Zentralkraftsystem, fiihrt abet 
Wechsdwirkungsgheder 2fu(As)*+4fu(As As') m das Potential em 
Die Frequenzformeln, umgeschrieben in ^e bei den 01 2) gewShlte Darstd- 
lungsweise, lauten dann (nut p » s'/s) 

3*(a) nt*+n,*«*(f +11*) |^1 +2^cos*o^/m +2(f'+fi**p)/m 
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3 (b) = (l + 2 jJJ) (f'f + f'f.*- 2 fx,*) 2 cos* o/m» 

3 (c) nj*--(f - fix) +2^sm*o)'m 

Diese Qleichungen reduzieren sich fur f =f', = m =M, s' —s, 

2 a =60° auf 

4 (fl) ni* -- 3 (f' + 2 f,*)/m , 4 (b. c) n*. ,* = 3 (f' - f,x)/2 m. 

die ihrerseits fur fxg=- 0 ubergehen m die G1 (1), wenn dort d' = 0 gesetzt 
wird Tur Cyclopropau ergab sich mit den Formcln (4) f'=-4,04 •10*. 
fjg= 0,085 10®Dyn/cm FOr Aethylenoxyd muO Bonner, da 6 Unbekannte 
(f, f', fig, fig, a) mir drei bekannten Frequenzwerten {ft»i=1270, «g=807, 
cog = 869) gegenuberstehen, willkurlich vorgehen, wdche Gesichtspunkte ihn 
leiteten, wird mcht angegeben Seme I/>simg ist f' = 3,73, f = 4,43, 
fig =0,33, fi 3 = 0 , 20 , dies entspncht, wie man nachrechnet, emem Wmkel- 
wert 2 a ~ 64° Hier gehort also m der Tat zu emem f/f' > 1 em stumpf- 
wmkliges Dreieck Man iann also unter den viden liter moghchen Losungen 
auch vernunftige angeben, ohne daO von den letzteren erne im besonderen 
ausgezciclmet ware Diese liberbleibende WiUkur, die der Angabe vou 
Zahleuwerteu fur die Molekulkonstanten den gesicherten Boden entsieht, ist 
bei diesem Verfahreu zu bemangein, zu bemangdn ist femer der Umstand, 
da(3 fji in Cyclopropan (—0,086) und Aethylenoxyd (+0,33) so ganz 
versclueden sein sol 

Feruer ist gegeu die in alien besprochenen Fallen verwendete Vorausset- 
zuiig, dass uamlich Jv=806 der totahymntelnschen Kettenfrequenz <u, 
ruzuordnen sei, der schwerwiegende Einwand zu erheben, dass dte Ltnte 
H06 metfellos ebenso depolartstert tst me 863 Dagegen ze^ dv=s806 
gcgenuber dcr Kettenfrequenz wg = 663 den bemerkenswerteu Untersclued, 
dal3 bei letzteier (ebenso wie m Cyclopropan) eine sehr krdftige Absorptions- 
stelle liegt, wahrend bei 806 (vergl Fig 1) die u r-Absorption nur eben 
merklich ist Kechnet man aber dte zu cog und wg gehongen Schwingungs- 
formen und die darugehorigen Relativwerte der Dipolmomente aus, so ist 
fur cnien derartigen starken Unterschied in der optischen Aktmtdt kein 
Hmweis zu linden Die ScliTvingungen loi, a»g, aig soUten viehnehr ungefahr 
gleich stark absorbieren 

Wtr stnd daher der Metnitng, daB Jv =806 ntcM xur Kettenfrequenz 
(og gehort, dass vielmehr Entartung vorli^ und anzusetzen ist. <t>g=wg = 863 
Da nach dent zu TabeUe III am Anfat^ von Ahschnttt C Gesa^n etne seiche 
Entartung nur fur 2 a ~ 60° sinnvoll folgem mr f ~ f', s at s', d ~ d', 
2 a -5 60° 
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Piir diesen Pall vereinfachen sich die Formeln (2) uud (4), man erhiilt 
6 (<») = 2 f (l + i g)/m 6 {b. c) n,*= n,«- (f + 3 d) 

(l +*§)/“ 

6 («) n,*= 2 (f + 2 f„) (l + I “)/m. 6 (6. c) n,«= n,*- (f - f„) 

(■ 

Wendet man diese auf das Kettenspektrum 863, wi= 1267 an, so 

erhsdt man 

nach (6) f =4,36, £iji= +0,112 

nach (5) f = 4,68 , d = - 0,112 

In beiden Fallen ist, wie wegen des Bmdungsausgleiches zu erwaiten, 
f grower als in Cyclopropan (f = 4,04 bezw f = 3,85*10*), m beiden Fkllen 
wechseln aber die Korrektionsglieder f„ bezw d gegenliber Cydopropan 
(f 1 , = — 0,086 bezw d = + 0,086) das Vorzeichen, was spezidl fiir das 
Valenzkraftsystem zum sinnlosen negativen d-Weit fubrt 

Aus diesem Brgebnis darf man aber noch nicht, wie es Bonner tat, 
schlieOen, daO die Beschreibung der Ringspektren dutch die Frequenz* 
formeln 3, 4 und 6 den wahreu Verhkltmssen besser angepasst sei als die 
Beschreibung durch die Formeln 1, 2 und 5 Denn in beiden F&Uen wurde 
eine zwar ubliche und bequeme, aber mdit statthafte Vernachldssigung von 
zun&chst mcht absehbarer Wirkung getroffen N&mbch die Vemachl^ssigung 
der Kopplung zwischen gleichrassigen Ketten- und CH-Schwingungen 

Im speziellen Falle des Cyclopropans und seiner totalsymmetiischen 
Schwingungen lassen sich die Verhdltnisse noch halbquantitativ hbersehen 
Nach Tabelle II ist hier die Ketten-Schwingung cui= 1186 mit einer 8 (CH) 
Schwingung (vermutlich urn 1500) und emer v (CH)>Schwingung (~ 3016) 
gekoppelt Wir haben die zugehorige Frequenzgleichung*^ dntten Grades 
unter Bmsetzung passender Modellkonstanten ausgewertet und folgendes 
Brgebms erhalten 



COi 

S(CH) 

v(CH) 

(a) ungekoppelt 

1267 

1603 

3011 

(6) u}\ und 8 (OH) gekoj^U 

1171 

1606 

2011 

(e) alle drei gekoppelt 

1153 

1626 

2033 


u Vergl. K. W F Kohlrauaoh und It 8eka, Ber Dteeh ebem Oee , 1036, 60 , 729 
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Man erkennt an diesen Zahlen, die nur relativ zu werten sind, den Einfltiss 
der vemachldssigten Koppelung zwischen Kettai- tind CH-Frequenzen 
Durch die Koppelung von w und S werden die ungeki^pelteti Frequenzen 
(o„ und 8„ me ublich auseinandergetrieben, a> geht nach tieferen (hoheren) 
Werten, weiin 8a ursprunglich holier (tiefer) lag als w„, die Verschiebung 
beidcr Frequenzen ist bekanntlich umso grosser je stdxker die Kqppdnng 
und ]e ndher an a)„ licgt Kann ein System auSer der at- und &-no^ 
ftbcrdies cine gleichrassige hohe v (CH)-Schwingaiig ausfbhren, dann treten 
die in Zeile c beschriobenen Verauderungen auf Die enge Koppelung der 
CH-Schwingungen untereinander bewirkt trotz der groSen FrequenzdifFerenz 
noch ein merldiches Auseinanderrhcken von 8, und v, gegeniiber dem nicht 
gekoppelten Fall 8^ und vf Das Heranrucken von 8^ an bewirkt eine 
neuerhche Erniedngung desselben nach w, 

Diese Krscheinung hat nun, mindestens was die totalsymmetnschen 
Frequenzen anbelangt, qtuUttaitv zur Folge Will man fdr Cydopre^n die 
vereinfachtcn Formeln 1 (a) oder 4 (a) anwenden, so hat man m — 12 zu- 
setzen, dafur aber fur wj cinen merkhch hdberen Wert als 1186 zu verwenden, 
denn dieser Wert ist wegen der Koppelung nut den hbheren 8 (CH)-Sdiwm- 
gungen sichcr zu tie/ Will man fdr Aethylenozyd die Formdn 6 (a) oder 
6 {a) verwenden, so hat man wieder m = 12 zu setzen. jetzt aber aller 
Wahrscheinlichkeit nach einen merklich tieferen Wert als <i»| »= 1267 zu 
verwenden Dann laut Tabelle H, ist jetzt a)| zwar wieder mit den Mherm 
8 (CH)- und V (CH)-Schwingungen (vermuthch 8^ ~ 1487, vi ~ 3000) gekqp* 
pelt, hberdies aber mit einer tteferen y (CH)-Schwmgung, li^ letztere, wie 
nach den Polarisationsverhdltnissen zu sdilieOeu ist, bei yi ~ 1120, also im 
ungckoppellen Zustand sehr nahe an wi. dann ist ihre Kopplungswirkung 
die starkste und besteht in einer ErhSktmg von 

Wie sicli diese Umstaude quanttk^v auswirken, liflt sidi ohne einge- 
hende rechnensche Behandlung mebt voraussagen, diese ist aber im Falle 
des Aethylcnoxyds, bei dem man es nut Frequenz^^eidiungen hoheren als 
dntten Grades zu tun bekommt, redit sdiwierig Es schemt uns aber, als 
ob es der Muhe wert wdre, diese verhaltnismkOig einfach gebauten Mddctlle 
zum Gegenstaud einer eingehenden theoretischen Untersu^ung, zu der uns 
selbst Zoit und Kignung fehit, zu machen 



LIGHT SCATTERING IN ANISOTROPIC MEDIA. 

By Hans Mueu£r 

(MassachuseUa Inatdute of Technology^ Cambridge^ Maae ) 

The discovery of the so-called Knshnan effect of light scatte ring by R S 
Knshnan in Sir C V Raman’s Institute has opened a new field of experi¬ 
mental research and has been responsible for a new theoretical attack on the 
problems of hght scattering by sohds and hqmds It has been shown 
(Mueller, 1938) that Knshnan's observations can readily be explained by 
assuming that the scattenng originates from fluctuations of the refractive 
properties analogous to those produced by a random distnbution of standing 
longitudinal and transversal waves in a medium with photoelastic properties 
According to this theory the Knshnan effect should exist for temperature 
scattenng m sohds and for structure scattering in glasses and liquids It 
seems likely that the theory applies also to scatteni^ m colloids 

Many results of the theory, m particular the reaproaty relation, were 
established by Knshnan before the advent of the theory, but a number of 
other consequences remain to be tested by eiqienments One of these is the 
relation pjp/i ■* i (1 — qip)* between the ratio of the depolarisation factors 
and the ratio of the photoelastic constants Another is the vanation of the 
intensities of the scattered hght components with the direction of observation 
V„ -A/.» 

H/i == A (j sin* p —p cos* PY 
, H,/ =* ^ B (j — p)* sm* p 

A and B are constant factors, p and q are the stram-optical constants and 
2 ^ IS the angle between the directions of observation and of the modent 
light We note that vamshes for observations at a cntical angle 2 p„, where 

tan* 1^0 —pl^ 

Rot this direction pA » must have a sharp maximum Since 2 p^ will 
usually differ from 90” we conclude that the dependance of on the angle of 
observation must be asymmetrical For hquids with a positive constant of 
streanung birefringence and for most glasses (P> q) the maximum occurs 
for an angle larger than 90”. If the streaming btrefnngence is negative the 
angle 2 po should be smaller than 90° An experimental verification of this 
rdationship will furnish a simple method for the determination of the ratio 
between the photodastic constants 
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Ill a recent paper Knshnaii (19!(8 a) reports observations on a graphite 
sol which show an asjrmmetnc (2 0) carve with a maximum markedly larger 
than 90° This may be considered as a partial verification of the theory 
and may serve as a further indication for the applicabihty of the theory to 
the scattering of light in colloids 

Ill his latest paper, Knshiian (1938 b) has discovered a new property of 
structure scattering which appears to be of considerable significance It was 
found that the depolarization factors pi, p^ and p„ of the hght scattered by a 
graphite sol undergo rapid changes if the colloid is made anisotropic by the 
application of a magnetic field We will show here that this phenomenon 
can be explained on the basis of our theory 


To choose a simpler case which can be treated rigorously we consider 
the scattering of hght in a glass block which has been made optically aniso¬ 
tropic by the application of a uniform elastic strain The birefnngence due 
to this strain is assumed to be large m comparison with the birefnngence 
created by the random distribution of “ frozen in ” strams which are res¬ 
ponsible for the scattering in glasses Since the latter strains are very small 
the above assumption is compatible with a second assumption that the um- 
form birefringence is small, i e , with a difference of the refractive indices of 
the order of magnitude 10-* An experimental test will therefore require 
pressures of a magnitude commonly used in photodastic mvestigations 

On the basis of the second assumption we can expect that Bnllouin’s 
law for the scattering by a single elastic wave is still vahd and that the 
direction and frequency of the elastic " Bragg wave ” is essentially the same 
as in the case of an isotropic solid ^ For plane polarised incident hght of 
unit intensity, the hght scattered by a unit volume to a pomt at the distance 
R a 1 has therefore the intensity 


I 


f Mb) 


W (h). 


where Ao is the wave-length of the light, and U the energy density of the 
Bragg wave D„ is the component normal to the direction of observation 
of a vector D defined by the tensor equation D = | c,,, | £,( £« is the electric 
vector of the incident light and the tensor | | detemunes the amphtudes of 

the variations of the optical dielectric constant which a Bragg wave of amph- 
tude 1/bi » Xo/iirn cos t/t would create For longitudinal waves, c has the 
value of the elastic constant Cn, for transversal waves c *=Cn So far, the 
mathematical formulation is identical with that for scattering m an isotropic 


> This would not be true i( the imltorm blteMngeiioe were large 
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glass The effect of the uniform strain becomes apparent when we turn to 
the calculation of the tensor 

In a previous paper on the diffraction of light by supersomc waves m 
crystals the author (Mueller, 1937) has ]>ointed out that the photoclastic 
effects of a sound wave are essentially different for optically isotropic and 
amsotropic media In an isotropic solid the elastic strains change the index 
ellipsoid from a sphere into an ellipsoid, whereby the oncntation of the axes of 
this ellipsoid IS definitely fixed by the directions of propagation and vibration 
of the elastic wave In an optically amsotropic medium, however, the refrac¬ 
tive properties are normally determined by an elhpsoid, and the effect of a 
sound wave consists mainly in producing fluctuations of the lengths of the 
pnncipal axes To be sure the sound wave creates also small fluctuating 
clianges of the direction of the axes , but these changes arc small and can be 
neglected in the calculation of the optical diffraction effects, provided that 
the original birefringence is much larger than the photoelastic effects of the 
sound wave 

A simple example may serve to illustrate the situation We consider 
the optical effects of a transversal elastic wave in a glass which is strained 
in the direction of propagation of the wave If this direction is denoted by 
X, and if y is the direction of vibration, the sound wave creates a fluctuating 
strain Xy The uniform constant strain is Xf The combined photoelastic 
effect of both strains is given by Pockels’ equations 

— 1/n* -I- pii Xx j 

=«8» = l/«* +^11*^ 1 

<*ll ~Pu^y~i{Pll ' Plti 

where the polansation constants determine the index ellipsoid 

«ii ** + y + «8» a* + 2 ait xy = 1 (2) 

One axis of this ellipsoid coincides with the z-axis, the two others are m 
direction X and Y which form an angle 9 with the x and y axes, respectively 
9 is given by the relation 

tan 2 © " 2 aitjiflu ■— Ug|) = XyjXjp (3) 

For an isotropic glass x^ = 0, hence 9 — 46® and the pnnapal axes and ay 
of the fluctuating index elhpsoid are everywhere at 45° to the direction of 
propagation In a strained glass, however, the angled fluctuates with the 
period of the sound wave If the constant stram x^ is of the same order of 
magnitude as the amplitude of the variable strain Xy, the calculation of the 
difiruction effects must be very difficult A simple case is reached again 
when the constant strain is sufficiently large In this case 9 is very small 
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and the fluctuation of the direction of the axes can be neglected. Their 
onentatiou is fixed by the direction of the constant strain 

The lengths of the principal axes of the elhpscnd (2) are 
-= ai, cos* © + a*, sm* © a„sin 2 © 

Uy -= an sin* © 4- a** cos* © - a,, sin 2 © (4) 

For the strain-free material this reduces to 

ax ” 1/w* + pi4pCy 

ay=-] jn» - pnXy ( 6 ) 

a. = 1/w* 

If the uniform strain is large sin © and sin 2 0 are neg^gible and hence 

«T = Bn = 1/n* + piix^ 

Uy =B„ = 1/n* +pi^t (6) 

«.• =«ss = l/«* +PltXx 

The fluctuating terms in the equations (6) and (6), * e , those proportional to 
Xy, give nse to optical diffraction effects and to hght scattering Hence we 
see that in a strain-free glass the transversal waves produce optical effects 
but m a strained glass in which the strain is parallel to the direction of 
propagation the optical effects of the transversal wave must' become very 
small, because in first approximation the equation of the optical index dhp- 
sold contains no fluctuating terms 

If the homogeneous strain has an arbitrary direction, the optical effects 
will not disappear but they will be different from what they are in the iso¬ 
tropic glass This holds true also for longitudinal waves Equations similar 
to (3) hold for every case, t e , the optical effect of a sonnd wave depends on 
the ratio between the variable and constant strain If this ratio is small 
the diffraction effect differs very little from that m the isotropic glass If 
this ratio is large a new type of diffraction or scattering effect must appear 
After the new type has been reached a further increase of the uniform strain 
has no influence The transition from one to the other type occurs when the 
uniform strain is of the same order of magmtude as that due to the sound 
wave In the transition range the optical effects diange rapidly with varia¬ 
tions of tlie strain, but it is difficult to calculate the transition curves. 

It shotdd prove interestmg to study experimentally the dianges of the 
polarisation and intensity of the hght diffracted by supeisomc waves and of 
the intensity and depolarization factors of the scattered Ug^t in a glass or a 
cubic crystal while the solid is subjected to a slondy increasing pressure. The 
changes should set in qmte suddenly when a critical pressure is readied and 
stop again above a certain pressure ^om these critical pressures it wSl 
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be possible to estimate the amplitude of supeisomc waves m sohds and the 
magmtude of the fluctuations which are responsible for the scattering of light 

It IS clear that any other effect which produces birefringence, as for 
instance the Kerr effect, can be used to change the diffraction phenomenon 
It IS interesting to note that in cubic crystals, where the scattenng is mainly 
due to temperature fluctuations, an extremely small artificial birefringence 
should change the depolarisation factors of the scattered hght It should 
therefore be possible to discover the Kerr effect m these crystals by means of 
scattenng experiments, even if the birefringence is too small to be observed 
by any other method 

Kiishnan’s measurements of the changes of the depolansation factors 
of the light scattered by a graphite sol under the influence of a magnetic 
field are in agreement with our conclusions They change rapidly for the 
smallest applied fields (about 1,000 Gauss) and reach a stationary value for 
strong fields Knshnan ascribes this saturation phenomenon to complete 
onentation of the graphite particles by the magnetic field The preceding 
consideration furmsh another possible explanation Saturation should occur 
also if the magnetic birefnngence surpasses in magmtude the vanations of 
the refractive index within the colloid This might be reached before all 
particles are completely onented 

Knshnan has investigated three cases of transverse scattenng in a magne¬ 
tic field In case I the field is normal to the plane of observation, i e , the 
plane parallel to the directions of observation and to that of the mcident 
light In case H the field points in the direction of observation and m case 
HI it is parallel to the inadent light We will calculate here the analogous 
three cases of transverse scattenng in a glass with a large uniform strain in 
either one of the above three directions 


For the isotropic glass the intensities of the scattered hg^t components 
for transversal observation are 


V., 


-*n« Ul 


^11 


(7) 


Aj* Cu ■ 

ir* «• Ul 

^ 0 * ®44 

To find the corresponding values for the strained glass we must calculate the 
tensor for each one of the three Bragg waves (one longitudinal, h, and 
two transversal, i and T) and perform for each the three cases the same type 
of calculation as was desenbed in full detail for the isotn^ic glass 


H4 


‘Pu* 

\P 


44 


(Mueller, 1938) 


The principal axes of the tensor ty, coincide with those of 
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the fluctuating index elhpsoid Referred to these axes the components Cj,*, 
fsxi ^jcy vanish and the diagonal terms are fomid by multiplying the fluctuat¬ 
ing term in the expression for aud «, (Equation 4) with »* The 

successive steps of the calculation are therefore as follows 

1 Calculate the strains created by the three Bragg waves of ampli¬ 
tude 1 jks The results are identical with those for an isotropic glass 

2 With the help of Pockels’ equation find the index ellipsoid Deter¬ 
mine the direction of the pnncipal axes by assuming that the constant strain 
IS infinitely large Calculate tlie fluctuating term of «,, ay and «s and 
multiply tlieir value with »* This calculation has been illustrated m an 
example 

3 Calculate D and Da and the two components of D^ parallel and 
normal to the plane of observation for the two cases where the incident light 
vibrates either parallel or vertical to the plane of observation The mtensi- 
ties V,, V/s and Hj, are found by introducing the four values of the compo¬ 
nents of D„ into Bnllouin’s equation This procedure is analogous to that 
described for isotropic media 

Since all calculations are quite elementary it is sulfiaent to present the 
results The tables below give the values of e^jr^n*, €y^ln\ c„/«< and the durec- 
tions of tlie axes of the tensor These directions are given by the letters in 
brackets They have the following meamng 
(A) direction of the incident light 
(*) direction of observation 

(v) perpendicular to plane of observation 

(&) direction of propagation of Bragg wave at 45° to (A) and (t) 

{t) normal to {b) in the plane of observation 

(w) and (v) are bisecting the angles between (A) and (t) 

(m) and (m) are bisecting the angles between (t) and (v) 

These letters are used also to give the directions of the strams and the direc¬ 
tion of vibration of the elastic waves 


Case I Strain (v) 


Case II 


Iv-wavc (i») 

f-ua\e (<) 

T-wave (v) 

Pn {b) 

Pit (*) 

0 (A) 

Pit (0 

-Pit (A) 

0 (t) 

^i» (w) 

0 (») 

0 {V) 

'atn (t) 



i (^11 + Pit) (0 

Pit (*) 

0(0 

i (^11 ‘f ^it) W 

- pu (A) 

Piil V2 («) 

Pit (f) 

0 (») 

-ptilV2 (») 



273 


Light Scattering tn AnisotropU Media 


Case III Siratn (A) 

Iv-wave (A) <-wave (/) 


T-wave (t>) 


\ iPll + Pis) (*) P4A (») 0 (A) 

\ {pii !■ Pit) W ~ Pu W PiJ V2 {nt) 

Pit{v) 0 (») -pitl\‘-i{n) 

For the transversal wave t the tensor is m all cases the same as for the 
unstrained solid Since this wave produces no scattering m the isotropic 
glass it remains inactive also in the stramcd glass 

Ill case I the I«-wave gives the same tensor as in the isotropic glass 
Hence V,, and are given by equation (7) The transversal T-wave is in¬ 
active, hence Hj = — 0 The reciproaty relation is vahd 

In the cases II and III the I^-wave produces only a component V„ It 
has the same value as for the isotropic glass In case II the T-wave gives 
nse only to a component Hj, of the same magnitude as in the isotropic glass 
Since V,} vanishes, the reciprocity relation does not hold The same is true 
for case III because H., vanishes and only exists with the same magmtude 
as given m equation (7) 

In the chart below the predictions of the theory for a stramed glass are 
compared with Knshnan’s observations for a graphite sol m a loagnetic field 
The numbers arc the ratios between the onginal values of the depolarisation 
factors for zero field and their saturation values for large fields 



Caoel 

Case n 

Case 111 


theor 

obs 

theor 

obs 

theor 

obs 

V„ 

1 

no change 

increase 

no change 

decrease 

no change 

decrease 

H4 

no change 

increase 

decrease 

decrease 

decrease 

no change 

Va 

decreaee 

no change 

decrease 

no change 

no change 

increase 

Up 

decrease 

no change 

no change 

increase 

decrease 

dorrease 

P* 

deoreaflo 

doer (7) 





Pt> 

decrease 

deor (3) 





RR 

valid 

vahd 

not vahd 

not vahd 

not vahd 

1 not valid 


Complete agreement exists only concenung the vahdity of the reci¬ 
procity relation (R R) The intensities do not diange in accordance with 
the theory The cause for this discrepancy is to be found in the fact that 
lor the glass we have assumed that the random distnbution of Bragg waves 
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IS not disturbed by a strain For a colloid with oriented anisotropic 
particles this assumption is not tenable If the critical fluctuations in an 
anisotropic colloid are represented by a Former senes the number of plane 
waves in a small angular range and their amphtndes will depend on the direc¬ 
tion of the wave vector and will vary with the strength of the magnetic field 
A more complete theory for colloids ^ould take into account that Ui. and 
Ut in equation (7) depend on the magnetic fidd The disagreement between 
the calculated and observed change of the intensities is therefore not surpns- 
iiig Variations of Ux, and Uj change also the depolarisation factors, but 
this change is most probably smaller than that of the intensities because the 
depolarisation factors are proportional to the ratio Ut/Ul We beheve there¬ 
fore that it IS significant that the theory gives the correct changes of and 
pj, for the cases I and III For case U, the theory gives for p^ the undeter¬ 
mined value 0/0. hence a definite disagreement exists only for one out of the 
SIX values for the depolarisation factors 

The large influence of a small forced birefringence on the intensities and 
depolarisation factors is a characteristic property of " Bnllomn scattenng ”, 
1 e ,of scattenng in a medium in which the optical fluctuations m ueighbounng 
volume elements are not independent Since this effect does not exist for 
" Raleigh scattering " in gases and ordinary liquids it will furnish a crucial 
test for distinguishing the two types of hght scattenng phenomena 

The author is grateful to have been the recipient of a fellowship of the 
John Simon Guggenheim Memo lal Foundation Many of the ideas presented 
in this paper are the result of discussions With Mr N S Nagendra Nath 
during my stay at the Cavendish Laboratory 

Summofy 

The theory of Brillomn scattenng of light in an optically anisotropic 
medium is developed The influence of a uniform dastic strain on the in¬ 
tensity and the depolansation factors of the light scattered by a glass are 
calculated These quantities change rapidly when the forced birefringence 
reaches a magmtude of the same order as the optical fluctuations wttiiin the 
glass They reach defimte saturation values for large strains The results 
are analogous in many respects to those observed for scattering m a graphite 
sol under the influence of a magnetic fidd 
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UNTERSUCHUNG VON SCHALLAMPLITUDEN- 
FELDERN MITTELS EINER METHODE 
DER ISOCHROMATEN. 


Von B Hibdbkann xind K Ostbrhammbi. in Koi.n 

(PhyaUcaltMheB InaMut, UmvemtlU KSln ) 

ZusSAMMBNPASSUNG Die Sichtbarmachung der Schallamplitudenfelder er- 
laubt eine besonders genaue Untersuchung der Abstrablung von Schall- 
quellen Bs wird u a erne Schall-Inteiferenz-Brscheinung im Gebiet weniger 
Wellenlangen vor der Quelle festgestdllt, die bisher theoretisch noch mcht 
behandelt wurde Bei Durchstrahlung des Schallfeldes mit weissem lyicht 
erh^t man farbige Bilder des Amphtudenfeldes, die einem grossen Auditonum 
vorgefuhit werden kouuen Die Lmien gleicher Amplitude erschemen als 
Dinieu gleicher Farbe, als Isochromaten Binige Farbenphotographicn zei- 
gen die Verwendbarkeit der Methode zur Beurteilung der Bnergievertei- 
lung im Schallfeld 

In cmem stationaren Schallfeld in einer homogenen Flussiggekeit ist die 
Schwankung der Dichte und der Brechungsmdex an emer bestunmten Stelle 
nur erne Funktion der Schallamphtude Man kann daher die Verteilung der 
Schallamphtude z B mittels der Toepler’schen Schherenanordnung sichtbar 
machen Man bildet udmhch eine I<ichtquelle durch das zu untersuchende 
Medium hindurch ab und verdeckt gerade das Bild der Bichtquelle. es wird 
danu von der Blende nur solches vorbei-gdassen. dass an Inhomogemt- 
dten im Schallfdd gebeugt wird Inhomogenitaten smd in einem Schallfeld 
durch die Dichte—^uud Brechungsindex-schwankungen verursacht Je 
grosser die mittlere Dichteschwankung an der betreffenden Stelle des Schall¬ 
feldes ist, um so mdir Dicht wird im zeitlichen Mittel von dieser Stelle abge- 
beugt Bildet man das Schallfeld nut alleiaiger Benutzung des abgebeugten 
lAchtes ab, so erh&lt man eine emfache Abbildung der Amphtudenverteilung 
im Schallfdd, die schon auf Aufnahmen von Tawil^ zu erkennen ist 

Die Sichtbarmachung des Schallamplitudenfeldes mitteb der Toepler’¬ 
schen Methode wird expenmentdll besonders einfach bei hohen Ultraschall- 
frequenzen, bei denen die Schallwellen als <^tisches Beugungsgitter wirken 
Man kann dann, wie R Bar,* sowie B Ehedemann und E H. Hoesch* (vgl 
auch S Parthasarathy*) nahezu gleichzeitig gezeigt haben, an dem Ort der 
vena SehallwdQengitter erzeugten Beugungsspdctren erne Blende anbnngen 

275 


At 


9 



276 


E. Hiedemann und K. Osterhammel 


und z B nur eine emzige Ordnung zut Sichtbannadiuiig des Schallfddes 
benutzen Verwendet man als Lichtquelle emen Spalt, so kann man zur 
Ausblendung ebenfalls einen Spalt benutzen. me die Fig 1 zeigt Diese Anoiid- 
nung ist so lichtstark, dass man sie zur Demonstration von Scfaallampbtaden- 
feldern vor einem grossen Auditorium anwenden kann * Die Dichtquelle 



Fio 1 

1/ wird durch einen Kondensor K auf einen Spalt konzentnert, der im Brenn- 
punkt des Objektivs Qj steht, so dass aus diesem paralleles Licht m die 
Kuvette eintntt, in welcher ein Piezoquarz Ultraschallwellen senkrecht zur 
Dichtnchtung aussendet Mittels des Objektivs 0, wird ein Spaltbild an emer 
vStelle entworfen, an der ein horizontal verschiebbarer Spalt angebracht ist 
Ftir genauere Untersuchungen muss man natQrlich erne beleuchtete Loch* 
blende als l 4 chtquelle und erne zweite Lochblende fur die Beobachtung in 
der nullten Ordnung oder Ringblenden f(ir die hoheren Ordnungen benutzen 
Die Methoddc der Sichtbarmachung des Schallamphtudenfeldes wurde bisher 
besonders von E Heidemann und Mitarbeitem ausgebaut Die Verfasser 
haben die Methode u a auch fur systematische Untersuchungen des Schall- 
feldes vor Quarzen angewendet * 

Bei der optischen Untersuchung der Schallabstrahlung emer Schall- 
quelle muss man beachten, dass ein dorch ein Ultraschallfeld fortschreitender 
Lichtstrahl an alien Stellen seines Weges durch das Schallfdd von diesem 
beeinflusst wird Die Einwirkung des Schallfeldes auf den Lichtstrahl ist 
von der Intcnsitdt und der Richtung der Schallwdlen abhftngig Aus den 
optischen Erscheinungen konnen daher nur dann genauere Aussagen liber 
das Schallfeld erhalten werden, wenn ebene Schnitte durch das Schallfdd 
senkrecht zut Lichtnchtung einandet gleidh smd Expenmentell Idsst sich 
diese Bedingung mit grosser Ann&herung verwirldichen, wenn man Ultra- 
schallqudlen verwendet, deren Lknge in der Liditriditung sehr gross g^en- 
uber ihrer Bieite ist Ferner muss die Amphtude der Schallquelle paralld 
der Lichtnchtung moghchst konstant sem Diese Bedmgungen konnen 
entweder durch Benutzung von langen Spalten erfiUlt werden, anf die eboie 
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homogene Schallwellen auftreffen, oder dutch Quarzstabe besonderer Form 
In Fig 2 ist der von E Hiedemann angegebene Schmitt dieser Stdbe ange* 


2 



deutet Um moglichst kolbenformige Schwingung der Stimflachen zu erhalten, 
wurde entsprechend den Ergebmssen von H Straubel^ sogenannte 71°— 
Stabe gew&hlt, jedoch warden diese Stabe so geschmtten, dass ihre grosste 
Eange senkrecht zur 71° 32'—Richtung ist, wahrend sonst bei den 7I°-Staben 
die grosste Lange mit dieser Richtung ubereinstimmt Die grosste I4nge 
des Stabes sei mit a bezeichnet, die Dicke in der x-Richtung (der dektnschen 
Achse) mit d und die andere Kantenlange nut b Die z-Achse der Zeichnung 
1st gemass der hbhchen Bezeichnungsweise die optische Achse des Quarzes 
und die y-Achse ist die zu ihr und der elektnschen Achse senkrechte Achse 
Die Elektroden werden auf den Flachen senkrecht zur x~Achse, also auf die 
a-b —^Flachen angebracht und die Abstrahlung des Quarzes von einer a-d — 
Stimflache wird beobachtet Solche Quarzstabe sowie geeignete Spalte 
erlauben einen Veigleich nut den theoretischen Berechnungen des Schall- 
feldes vor Schallquellen bei denen praktisch immer erne kolbenformige Schwin¬ 
gung des Schallgebers angenommen wud Der Pall ist naturhch analog dem 
optischen Beispiel der Beugung von parallelem Licht an einer Blende 

Die bishengen Untersuchungen uber die Schallabstrahlung zeigen eine 
sehr befnedigende Uebereinstimmung nut der Theone.* Die Tafel I zeigt 
die Schallamphtudenfelder vor Quarzstaben verschiedener Dicke D Man 
erkennt deuthch die Richtungen maximaler und nuiumaler Schallabstrahlung 
Der Oeffnungswinkel des Hauptstrahles nimmt mit wachsendem Wert von 
D/a sb, wie ja theoretisch zu erwarten ist Aus den Aufnahmen ist ferner 
KsichtUbh, dass der Kauptstrahl bei niedngeren Werten von D/a praktisch 
tmmittdibar vor der Schallquelle ansetzt, w&hrend er sich bet hoheren Werten 
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von D/a in einiger Entfernung ausbildet, und zwar in umso gtosseter 
Entfernung, je grosser D/a Gleichzeitig tritt bei hdhen Werten von 
D/a em bisher von der Theotie unseres Wissens noch mcht berechnetes Inter- 
ferenzmuster auf, das in der letzten Aufnahme der Tafd vergrossert wieder- 
gegeben ist Das Interferenzmuster entstdit auch hmter Spalten, auf die 
eine ebene Schallwelle tnift, ist also uicht etwa verursacht durdi erne Chaldni- 
Eigur des Quarzcs (Eine Andeutung dieses Interferenmusters ist ubngens 
schon auf einer fruheren Aufiiabme von R Bar* zu erkennen) Das Aussdien 
der Interferenzerschemung und die Zahl der aoftretenden Maxima ist ledig- 
lich eine Puuktion von D/a (Die Zahl der Interferenzmaxuna wachst nut 
wadisendem Wert von D/a ) 

Diese Bilder zetgen, dass sehr grosse Peinheiten des SchaUfddes sicht- 
bar gemacht werden konnen , z T auch solche, die nut kemem anderen Beo- 
bachtungsverfahren erkannt werden konnen Gem&ss den grundlegenden 
Beobachtungcn von Debye und Sears,*® sovne von Eucas und Biquard** ist 
die Intensitat des abgebeugten Eichtes—abh&ngig von der scballinten- 
sitdt Der genaue quantitative Zusammenhang zwischen der Intensitkts- 
verteilung uber die Beugungsordnungen ist bekannthch durch die Theone 
von Raman und Nath** gegeben Auf Grund dieser Zusammenhknge ent- 
sprechen die Emicn gleicher Schwarzung den Kurven gleicher Schalldruck- 
Amplitude Bei Benutzung von weissem 14dit, wie bei den Aufnahmen der 
Tafel I erkennt man zwar die Emien gleicher Amphtude, aber man erhSlt doch 
kein emdeutiges’ Bild der Energieverteilung, man kann z B mcht hbersehen, 
dass mehr als 90% der Schallenergie in dem Hauptstrahl enthalten ist 

Diesen Nachteil kann man durch Benutzung von mimochromatischem 
Eicht bcheben, es lasst sich dann aus der Schwftrzung der Platte gemisa 
den von Raman und Nath angegebenen Bezidiungen sogar quantitativ die 
Amphtudenverteilung im Schallfeld studieren und ebenfalls die Schall- 
absorption bestimmen 'Cber solche noch mcht abgeschlossenen Versuche 
wird spdter an anderer Stelle benchtet werden Zur Vermiedung von Warme 
—Schheren im Schallfeld muss man kurze Bdiditungszeiten benutzen 
Monochromatische Eichtquellen, deren Eichtstftrke so gross ist, dass sie die 
Aufnahme von Schherenbildem mit kurzen Behditungszeiten gestatten, 
stdien aber mcht immer zur VerftigUng In viden Fitten-besonders fhx 
Demonstrationen—^wird man daher die Verwendung von weissem I4cbt vor> 
zeihen Bei der visudlen Beobachtung und Demonstratum nut weiBsem 
Eicht erhSlt man aber ein recht gutes Bild der Energieverteilang infdge der 
auftretenden Farben-Effekte Die Menge des abgebeogten Eidites ist ]a 
nicht nur erne Punktion der SchaUamphtude und des Eichtweges im Sdull- 
feld, sondem auch der Euht weUenl&nge. Han erhfttt daher bei Verwendung 
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von weissem Licht em farbiges Bild des Schallfeldes Kntwuft man das 
Slid des Amplitudenfeldes mit der nullten Beugungsordnung, so beobachtet 
man Komplement&tfarben, die dnrch I^iditbeugung m die hoheren 
Ordnungen entstehen Beobachtet man nut einer hoheren Ordnung, so 
erhklt man Bilder, deren Farben unmittelbaT anzeigen, welche WeUenl&ngen 
am starksten abgebeugt werden Linien gleicher Amphtude werden als 
Ifimen gleicher Farbe, als Isochromaten bichtbar In der m Fig. 1 skis- 
zierten Anordnung kann man die versduedenen farbigen Bilder besonders 
euifach demonbtrieren, wenn man die verschiebbare spalt blende von der 
nullten in andere Ordnungen verschiebt Als die Verfasser im vongen Jahre 
die Gelegenheit batten, diese Versuche Sir Raman zu demonstneren, net 
dieser zur Aufnahme von Farbenphotographieen Die Verfasser haben 
dieser Anregung gerne entsprochen und zeigen hier emige Beispiele ‘ in der 
Farbentafel Die Aufnahmen sind absichtlich in der mcht ganz genauen— 
aber fur Dsmonstranionen besonders geeigneten—Spalt-Anordnung ausge- 
fuhrt und es smd ledighch Bilder der nullten Ordnung benutzt Die erste 
Aufnahme der Farbentafel zeigt das Schallfeld vor einer grossereu Quatz- 
platte (einem normalen x-Schmtt) Man erkennt deuthch die schiefe Abstrah- 
lung des Quarzes Die folgenden Aufnahmen smd nut nahezu kolbenformig 
schwingenden Quarzst&ben des beschreibenen Schmttes ausgefhhrt Fur die 
zweite Aufnahme war em verhkltnismdssig Idemer Wert von D/a gewkhlt, 
fur die beiden letzten ein grosserer Man kann auf alien drei Bildem gesch- 
lossene Isochromaten schen Die Ausdehnung der von gleichfarbigcn Kurven 
umschlobsenen Fl&chen gibt em Bild der Energieverteilung im Schallfeld Die 
geschlossenen Kurven entsprechen sehr beftiedigend den theoretisch berech- 
neten Kurven Erne genaue quantitative Udwnnstunmung nut den theoretis- 
chen Kurven kann deshalb mcht erwartet werden, wed bei diesen die schallab- 
sorption vernachl&ssigt wird Dass das von emer bochromate umschlossene 
Ge^et bei starker Schallabsoiption Idemer wud, Idsst sich sehr scfaon durch 
einen Vergleich der beiden letzten Aufnahmen Zeigen, die nut wenig vers- 
chiedenen Werten von D/A ausgefiihrt smd, aber m Fldssi^eiten sehr vers- 
chiedener Schallabsoiption Bekannthch ist die Ultraschallabsorption m Benzol 
sehr viel grosser als m Xylol Auf die Auswertung dieser Farbaufnahmen zur 
Untersuchung der Richtcharaktenstik v<m Schallquellen und zum Vergleich 
der Schallabsoiption m FlOssigkeiten sdl an dieser SteOe mcht naher emge* 
gangen werden, da hier nur das Piinzip der Methode erklart werden sbllte 
Wir mochten auch an dieser Stelle Herm Prof Raman herzhch fdr die 
Anregung zur Attsfdhrung der Farbenphotographieen danken, sowie der 
Indtschen Academie der Wissensdiaften fhr die Ermo>{^idiung der Rqnoduk- 
tion dieser Aufnahmen 
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UBER BIOLOGISCHE WIRKUNGEN 
ULTRAVIOLETTER LICHTQUANTEN. 

\'ON P Jordan in Rostock 
{PhyaikuUsches hwhlut der TTnmrmtM, Theoretische Abietlung ) 

In diesem Jubilaumsbande, in welchem Physiker aller l^ander Venkata 
Raman ihre Gluckwunsche ausdrucken, mag es erlaubt sem, auch emen 
solchen Oegeiistand zu beriihren, der nicht mehr der remen Physik, sondem 
dem physikalisch-biologischen Grenzgebiet angehort Hb handelt sich urn 
em Untcrsuchungsgebiet, das fur die Biologie von grofier grundsatzlicher 
Bedeutung ist, und welches dem Physiker Gdegenheit gibt, die Kenntnisse 
anzuwenden, welche wir durch die Quautentheone der I^ichtwirkongen 
gewonnen haben, und zu deren Entwicklung die Forschungen Venkata 
Ramans so wesenthche Beitrdgc geliefert haben 

Wir beschaftigen uns im folgenden insbesondere mit Bactenumcoh — 
kleinen, ungefdhr zylindrischen Zellen von 2 n Lange und 0, 6;i Durchmesser 
In mannigfaltigen Experimeuten verschiedener Verfasser ist die Totung derar- 
tiger Zellen durch verschicdene Emwirkungen untersucht Insbesondere 
durch ultraviolette Bestralilung, aber auch durch Rontgen- und y-Strahlen, 
Kathoden- und /3-Strahlen, a-Strahlen, und auch durch mancherlei Gifte, 
wic z B Phenol oder HgCli 

Dabei zeigt es sich, daS die gleichformige Einwirkui^ des betreffenden 
Totungsmittels auf eine Anzahl moghchst homogen gewidilter Zellen keines- 
wegs zu einem Absterben alter dieser Zellen im gleichen Zeitpunkt fiihrt 
Vielmehr erweist sich die Abtotung als em unsMtger Vorgang, dessen Emtreten 
—analog atomphysikahschen Elementarprozessen—emem bestimmten statts- 
ttschen Gesetz unterliegt Und zwar ist dies Gesetz (von einer emzigen noch 
zu besprechenden Ausnahme abgesehen) m'alien erwkhuten F&llen das em* 
fachste hberhaupt denkbare Dte Anzahl der tlberUbenden ZeUen kltngt bet 
konstanter Etnmrkung des totenden Agens exponentteU ab 

trber die Bedeutung dieses Ergebmsses kann offenbar kem Zweifd 
bestehen Wir sehen. daS z B im Falle des ultra-violetten Lichtes die 
Totung das Ergebms etner etnztgen kv-Absorption ist Oder, daO bei der 
Vergiftung mit Phenol oder HgClj ein etnztger MolekularprozeS zur Totung 
fiihrt Dabei werden allerdings im Mittel sehr vide Lichtquanten 10*) 
absorbiert, bevor die Totung eifolgt, and es drmgen sehr vide Mdekule des 
Giftes in die Zelle ein Aber sowohl em m der Zdle absorbiertes hv als auch 
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em in die Zelle eingedrungeiies Giftmolekiil bleiben in den mdsten FUlen 
voUig unschadlidi, nur alb seltener Ausnahmcfall ergibt sich em quanten- 
physikalibcher ElementarprozeS, der nun sogleich nicht etwa nur zu einer 
germgfugigen Schadigung, sonderu zur voQstandigen Totung der Zelle fdhrt 

Die Zelle verhalt sicli also m gewissem Sinne so, als wenn sie sdber nur 
ein emziges groOes Molekiil wdre Aber natlirlich ist das nicht der Fall. 
die nchtige Auffassung der Sachlage ist vielmehr die, daO wir uns m der 
(vom atomphysikahschen Staudpunkt aus nestg groQen) Zelle ein einzelnes 
Molekul Oder eino kleine Gruppe von Molekdlen vorstellen, wdche erne 
singuliire Ausnahmestellung innerhalb der Zelle besitzen Man kann diese 
Gruppe von Molekulen anschaulich als das SUuerungszenirum der Zdle 
bczeicbnen offenbar handelt es sich daruni, da6 diese Mblekule—^wahr- 
scheinlich durch katalytische Wirkungen—die Eebeusfunktionen der Zelle 
weitgehend steuern, derart, daO ein das Steuerungszentnun au6er Funktion 
setzender nukrophysikalischer ElementaiprozeO (z B erne darin durch 
A (^Absorption veranlaQte oder durch Reaktion nut emem einzelnen Gift- 
molekiil bewirkte Umlagerung) die Eebensffihigikeit der Zdle zerstbrt 

Dasb der Teil des Zellkorpers, in -wdehem em einzdner Elementarprozefi 
todhdi wirken kann, tatsdchlich raumhch sehr klem ist, kann nathrheh aus 
den Expenmenten mit Ultraviolett oder nut Giften ntcht herausgelesen 
werden Es wird aber bewiesen durch Erfahrungen mit monochromatisdien 
Rontgenstrahlen verschiedener Wdlenlkngen Die emfachste Vorstdlung, 
die man sich von dem Verlauf der Totung dutch Rontgenstrahlen (oder 
auch durch y- und ^Strahlen) machen kann, ist offenbar diese Em das 
Zellplasma durchquerendcs sdmelles Elektron bringt Iftngs semer Bahn 
zahlreiche weitere lonisierungen (und Anregungen) zustande Ndunen vir 
an, daO eing gmzelne dieser lomsierung^ todhch wirken kann, so werden 
wir, falls diese einzdnen lonisierungen hinreichead wdt ausemanderUegen, 
bei bestimmtcr Strahlendosis erne Wahrscheinhdikeit der Totung erhalten, 
die direkt proportional ist mit der rkumhehen Dichte der erzeugten einzelnen 
lonisierungen Wenn nun erne einzdne lomsierung an jtdan Orte innerhalb 
der Zelle todhdi wirken konnte, derart. daS die (dann entsprediend geringe) 
Wahrscheinlichkeit einer todhdien Auswirkung dieser lomsierung praktisch 
konstant innerhalb groSer Teilgebiete der Zdle wftre, so whxde die oben 
abgeleitete Proportionalit&t der Totungswahrscheinhchkeit nut der Sttahr 
lendosis flir behebige Euergien der das Zdlplasma durchquerenden sdindlen 
Elektronen gdten Tatsichheh aber zeigt sidi, dafi die Totungswahrsdiein* 


* Diese warden im Oegentell auch elne ttber den ZeUfcOiper detolnnSBtg TartSOte 
geringe Streblen-oder Gitt'Empfladlichkett nileasen. 



Ubtr Biologtsche Wtrkungen UltravioletUr LiehtquanUn 283 

lichkeit pro Dosis-Binheit abmmmt, wenn wir zu seihr wetchen Rontgenstrahlen 
libergehen sie ist bei 3 KV etwa halb so gro0 \iie bei 22 KV 
Diese Abnahme wird verstkndlich, wenn wir uns die raiunliche Verteilung der 
Strahlenempfindlichkeit jetzt so vorstdlen, dafi wit sagcn Ks gibt ein 
kleines Volumstuck Vg in der Zelle von sdcher Art, daO jede in Vg geschehende 
lomsiemng todlich wirkt, ]ede auQerhalb von Vg geschehende dagegen 
onschadhch bleibt Wenn wir ndmlich jetzt mit sehr weichen Rontgcn- 
strahleii arbeiten, soda/3 die dadurch ausgelosten Elektronen langs ihrer 
Bahn erne sehr dtchie Folge von lotusieruiigen ergeben, so wird un statis- 
tischen Durchschnitt jedes Volumstuck Vg emer Zelle entweder keine Oder 
gleich mehr als eine lonisierung empfangen, offensichtlich ergibt das cine 
Verkleinerung der Totungswahrschcinlichkeit im Verhaltnis zur Gesamtzahl 
der im cm* eingetretenen lomsierungen 

In der Tat werden wir also dazu genotigt, die Kmpfindhchkeit der Zelle 
gegenuber miktophysikalischen Elementarakten als in einem sehr klemen 
Bezirk lokalisiert anzunehmen. das Volum Vg entspncht dcm " Steuenings 
zentrum" der Zelle Die quantitative Durchfuhrung der angedeutcten 
Betrachtungen ergibt MogUchkeiten, dber die geometnschen Verhaltmsse des 
Volums Vg (wie etwa Zerteilung von Vg in mehrere etwas getrennte Teilstucke) 
ndhere Aufschlusse zu erhalten 

OSenbarist die GroQe von Vg unimttdbaT zu entndimen aus der Totungs- 
wahrscheinlichkeit bei Anwendung von harten Rontgenstrahlen (oder y> 
Oder /3-Strahlen); Definiert man nun in formal analoger Weise ein entspre- 
chendes Volumsthck ftir jede der untersuchten Wdlenlangen des Ultravio- 
letts, so findet man 10* bis 10* mal kleinere Volumina Dies ist ein sehr 
auSdlhger Punkt, auf den wit zurUckkommen wdlen 

Eemer ist bemerkenswert ein gewisser Ausnahmefali vom exponentidloi 
Verlauf der Totung Ultraviolett wurde monochromatisch angewandt 
(Wyckoff), und im Gegensatz zu mehreren anderen etwas kurzeren Wellen- 
hliigeu exgab die Anwendung von 3182 k emen Totungsverlauf, der auf erne 
gewisse Akkumuheruttg m der Wirkung der absorbierten Dichtquanten 
hinweist 

Em anderer auS&Uiger Effekt zeigte sidi bei der Tdtung von Hefe, 
dutch Strahlungen In diesem Fade l&0t die Tdtung dutch Rontgenstrahlen 
wesentlich komphziertere Verhfiltnisse erkennen, als bei Bactenum cdi 
Wiederum betuht die Totung auf quantaiphysikahschen Elementaiprozessen, 
die im " Steuerungszentrum " der Hefezdle (das zwetfdlos mit dem ZeUkmt 
Stt id^tifiideren ist) angreifen Jedodi handdt es sidi um Elementatpro* 
Msse von etwas kompbzieiteter Art erne einzdne lomsietung gsmigf ntcht 



284 


P. Jordan 


Oder hat zum mmdesten nur relativ genuine Wahrschetnltchkett, die fraghche 
molekulare (oder mizellare) Umlagerung hervorzunifen, treten aber au dem 
empfindlichen Oite mehrere (vielleicht nur 2 oder 3, vidleicht auch noch 
etwas mehr) lomsiemngen in enger raumlicher Nachbarschaft ein, so kann 
diese molekulare Umlagerung relativ leicht bewirkt werden 

Die Totung der Hefe durch ultraviolettes Uicht ergibt nun etwas Merk- 
wurdiges Wahrend der groflte Teil des ultravioletten Spektrums anscheinend 
nicht imstandeist, die fraghche durch Zusammentreffen mehrerer lomsiemngen 
erzwmgbare Umlagerung hervorzunifen, weiO man (Schreiber), dafi die 
Wellenlangc 2540 A dazu befahigt ist Kin einziges hv dieser Wellenldnge 
vermag also dasselbe zu leisten, was bei Anwendung von Rontgenstrahlen 
mcht (oder nur selten) durch eine einzelne lomsiemng. sondera durch das 
Zusammenwirken mehrerer erzielt wird , 

Die aufgezahlten Funkte zeigen, daQ die Ultraviolett-Kxpenmente uns 
eiuc Reihe intercssanter Eigenschaften der das Steuemngszentmm der 
fraghchen Zellen zusammensetzenden Molektile erkennen lassen Wie schon 
kurz erwahnt wurde, durfen wir hberzeugt sem, daS das Steuerangszentrum 
in den fraghchen Fallen mit dem Zellkem zu identifizieren (bzw ba Bacterium 
colt als em sehr kleiner, dem gewohnhchen Mikroskop mcht mdir erfaSbarer 
Zellkern zu deuten) ist Die besprochenen Expenmente hefem uns also 
AufschluO hbcr die physikalischen Stmkturverhftltmsse der im Zellkem 
enthaltenen MolekiUe Man wei8, da6 die Chromosomen ernes Zellkems 
emerseits aus emem Nukleinsaure-Genlst und andererseits aus gewissen 
FaweiOmolekhlen bestehen nkmhch den “ Genen ”, wdche als die matendlen 
Trager der durch die Vererbungsforschung analj^ierten Erhfaktoren aufzu- 
fassen sind Ueber diese Molekhle, die gewissermaSen die eigentlichen 
Zeutren des Uebens sind, werden wir aus der Untersuchungihrer Strahlungs- 
reaktionen sehr viel lernen Konnen, ahnhch, wie wir such uber die Struk- 
turverhkltmsse wesentlich klcmerer Molekule durch ihre Dichtreaktionen, 
insbesondere aufgmnd des KaimmefEekts, weitgehenden Aufschlufi erhalten 
Em zu einer molekularen Umlagerung fhhrender Quantensprung ernes 
Genmolekiils ist, biologisch gesprochen, erne Mutatum Die besprodiene 
Totung von Bad colt konnen wir als erne strahlenmduzierte ktale Mutatum 
bezeichnen Aber es gibt bekanntlich, und zwar nicht nur bei hoheren 
Orgamsmen, sondern auch z B bei Hefe (Nadson), auch vielerlei Mutationen 
von mcht letaler Wirkung 

Das expenmentelle Material ist gegenwartig noch vid zu wenig uinfang- 
reich, um uns eine mehr ms Einzelne gehende Stmlcturbestimmutig der 
fraghchen Molekule zu ermoghchen Wenn wir trotzdem versudien, omge 
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Bemerkuagen zu den oben hervorgehobenen Pnnkten zu machen, so stnd 
damit mcht so sehr endgultige Feststellungen beabsichtigt, als vidmehr ein 
Versuch, fur weitere Arbeiten heuristische Anhaltspunkte zu geben 

Fur em genaueres Verstaudms der physikabsdien Reaktionen der uns 
interessierenden orgamschen Riesenmolekule scheint eine von Moglich und 
Scbon ausgesprochene Idee besonders wertvoU Nach diesen Verfassem ist 
anzunehmen, dafi die inneren Strukturverhaltnisse in derartigen Riesen- 
molekulen denjemgen abnlich smd, welche wir von den festen Korpem kennen , 
in dem Smne nkmlich, dal3 die locker gebundenen Elektronen ernes derar¬ 
tigen Molekuls mcht etwa stark lokalisiert sind (bei bestimmten Atomen oder 
in bestimmten Valenz-Stnchen) , sondern daO vielmehr in erster Approxi¬ 
mation die Vorstellung berechtigt ist, dafi die Elektronen gewisse in " Ener- 
giebdnderii " zusammen liegende Quantenmveaus besetzen, deren jedes dem 
ganzen Molekul, ohne Lokalisierung. angehort Es soli also luer dieselbe 
Vorstellung angewandt werden, welche der Quantentheone der metalhschen 
I^eiter, der Halbleiter und der Eeuchtphosphore zugrunde Uegt Zugunsten 
dieser Vorstellung lassen sich verschiedene Tatsachen anfiihren, z B di- 
von kleineren Molekulen her gut bekannte freie Beweglichkeit der Bindungs 
elektronen im Benzolring und verwandten Verbindungen Femer wird 
diese Vorstellung begiinstigt durch die Tatsache, 6&Q viele der hochpolymeren 
orgamschen Substanzen lange Kettenmolekhle besitzen, in dencn sich 
dasselbe Radikal vielfach wiederholt, sodaO ein mehr oder wemger period- 
tsches Kraftfeld im Molekhl besteht 

Die Brauchbarkeit der Hypothese von Moghch und Schon wird ferner 
lUustnert durch die Eigenschaften eines gewissen Fermentes, der Urease 
Man kennt von diesem Ferment einerseits das ultraviolette das Absorptions- 
spektrum, und andererseits fur mehrere verschiedene Wellenlangen das 
Inaktmerungsspektrum (Kubowtlf-Haas )—das Ferment wird ndmhch durch 
Ultraviolett-Bestrahlung inaktiviert Obwohl m dem untersuchten Gebiete 
die Absorptions,sthrke um emen Faktor der GroSenordnung 5000 varuert, 
zeigt sich eine fast vollkommene Proportionalitat der beiden Spektren, nur 
bei einer der untersuchten Wellenlftngen (25401) ist die relative Stkrke der 
Inaktivierung verdc^pelt 

Die Proportionaht&t beider Spektren ist aber sehr auffidlig, weil der 
Prc^ortionaht&tsfaktor sehr stark von 1 versdueden ist M DelbrOdc, dem 
ich den Hmweis auf die interessanten Eigenschaften der Urease verdanke, 
hat bemerkt, da[3 der fnlher unbekannte Wert dieses Proportionahtktsfaktors 
jetzt besthnmt werden kann, nachdem inzwischen durch Sumner das Mole- 
knlargewidit der Urease besthnmt worden ist (es ist ungefihr 400,000) 
POr den Prc^ortionalitdtsfaktor findet Ddbriick den Wert 0,005 
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Nach der Idee von Moghch und Schdn haben wir uns die Absorption 
eines kv durch em Molekul des Pementes so voizusteUen, daS em Eldctton ans 
einem unteren Knergieband m em hoberes Hnergieband hinaufgeihoben mrd 
Das im unteren Hnergieband entstandene Hoch bietet einem anderen, lucht 
angeregten Hlektron Gelegenbeit zu emem Quantensprung, sukzessiv wandert 
also dieses Loch an den oberen Rand des unteren Hnergiebandes (bzw an 
den oberen Rand des besetzten Teiles dieses Hnergiebandes) Das in einem 
hoheren Hnergieband erschienene Hlektron wird semerseits ebenfalls inner- 
halb sehr kurrer Zeit Quantentibergange ausflihren und dadurch an den 
unteren Rand jencs hoheren Hnergiebandes wandern Danach eigibt sich 
eine gewisse Verweilzeit, die schlieSlich dadurch beendet wird, daS das 
Hlektron entweder zum unteren Hnergieband zumckspnqgt oder aber erne 
Umlagerung des Molekuls veranlaGt, die zur Inaktivierung fhhrt Die 
Herbeifuhrung dieser Umlagerung kann tlbngens nach den Vorstellungen von 
Moghch und Schon genauer verst&ndhch gemacht werden durch einen 
Vergleich mit den Prozessen. die an Leuchtphospkoren studiert wordeu smd 
Hicr wollen wir augenbhcklich nur die Tatsache betonen, daS die Propor- 
tionahtdt der beiden Spektren durch dieses Moddl offenbar eine sehr nathr- 
liche Hrklkrung findet es wird ja em von der Freqoenz des absorbierten 
Lichtquants unabhSngtger Zustand hergestdlt, bevor zwischen Rhckkehr pi 
den Normalzustand oder Inaktivierung entschieden wird 

Die genngere Wahrscheinhchkeit, nut wddier die Absorption ernes hv 
zur Inaktivierung des Ursase-Mcdekuls fhhrt, kann femer, wie Delbrhck 
bemerkte, auch die oben erwkhnte Tatsache als vmthndhch und nathrUch 
erscheinen lassen, da6 bei Bact colt nur em klemer Bruchteil der hvAbsorp* 
tionen, welche in dem aus der Rontgen-Totung berechneten Volum v, statt- 
finden, zur Totung fhhrt 

Versuchen wir andererseits die erlhuterte Moddlvorstellung anzuwenden 
auf die lucht-exponentielle Totung von Baclertum colt durch 31S2 A., so 
kommt man bei nhherer Betrachtung zu dem Hrgebnis, daH es ohne wesent* 
liche Erghnzung oder Abftnderung dieser Moddlvorstetlung kaum moglidi 
sein dhrfte, erne Akkumttlterung der Wirkungen absorbierter Hiditquanten 
tn der Form zu erhalten, daS die Anregung von vaxSar als einem Hlektron 
innerhalb ernes Genmcdekhls zu einem anderen HSdete fhhrt, als von der 
Anregung ernes emzelnen Hlektrons zu erwarten wire Hs scheint deshalb 
bei Aufrechterhaltung unserer Modellvmstdlung nur folgende Deotung 
moghch zu bleiben Die WelletiUnge S1S2 1 vermag (aufler uninittdbaren 
Totungen) auch gewisse nicht tdtende, aber vikMitsvermtniemde Hutationen 
zu erzeugen Hm etnmal in diesem Sinne mutiettes Individuum bleibt lebens- 
fhhig, aber nach Htleidung von tom derartigen Hutationen stkbt das 
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Individuum ab Diese Deutung ist einer expenmetddlen Prufung zugdngUdt 
sollte sie sich kunftig als falsch erweisen, so wurden wir unsere VorsteUung 
von der physikalischen Stniktur der Oene wahischeinlich erhebhch komplizie- 
ren mdssen 

Fur den oben erwdhnten besonderen Bffekt an der Hefe konnte man von 
der hier betrachteten Modellvorstellung aus folgende Deutung versuchen 
Wir nehman an, es seien zwei (oder noch mehr) nah benachbarte Genmdle- 
kule O', G* im Chromosom vorhanden nut der Eigenschaft, daS erne Muta¬ 
tion nur eines dieser Gene noch keine merkbare Schadigung hervorbnngt, 
wohl aber die gleichzeitige Mutation beider Diese gleichzeitige Mutation 
beider Gene G', G* wird bei Anwendung von Rontgenstrahlen in erster 
I/inie dann zustande kommen, wenn tn jedem von tknen erne lonis erung 
geschieht Es moge nun femer ein dnttes Mblekiil N nut diesen beiden 
Geiunolekulen G', G* in enger Verbindung stehen derart, daO erne in N 
geschehcnde Umlagenmg sekundar G' und G' zur gleichzeitigen Mutation 
veranlassen kann Bine in N stattfindende einzelne lomsierung kann dann 
allerdings beide Gene G', G* zugleich zur Mutation veranlassen, aber 
hdufiger iverden met in den einzelnen Genen geschehende lomsiemngen 
den fraglichen Effekt hervorbrmgen Andererseits wird ein ultraviolettes 
Eicht—quant die beiden Gene zur Mutation veranlassen konnen, sofern 
es erne geeignete Frequenz hat, urn von dem Mdeklil N leicht absorbiert 
zu werden 

Diese VorsteUung ist vieUeicht nicht so willkbrhch und unbegriindet, wie 
sie zunachst erscheineu mag Man weiiS namlich, da6 die das Gerhst der 
Chromosomen bildende Nukleinsdure m der N&he der von Scbreiber benutzten 
Ernie 26401 ein starkes Absotptionsmazimum hat Es konnte also sein, 
daO die eilduterte VorsteUung tatsdchlich ungefahr den wirklichen Verhdlt- 
nissen entspncht, und daS das MolekOl N em Nukleinsaure-Molekul ist 

Jedoch ld(3t der gegenwartige Stand unserer expenmentdllen Kenntnisse 
nodi keine sichere Beurteilung dieser Fragen zu Die gemachten Bemer- 
kungen soUten nur dazu dienen, zu zeigen, m wdcher Richtung vieUeicht 
eine ins Einzdne gehende Deutung der gefundenen Effekte versucht werden 
kdnute, der Versuch, sich eine bestunmte ModeUvorsteUung zu machen, 
dilrfte ntttzhch san fiir die Anregung weiterer experimente in diesem mter- 
essanten und schonen Untersuchungsgebiet, wdches auf erne Zmammenarbett 
von Physikem und Biologen angewiesen ist, welches dem Biologen bedeut- 
ung^irollste Aufschlilsse verspncht, und wddies dem Physiker Gdegenheiten 
zu vidseitiger Anwendung unseres aton^hysikalischen tmd qnantentheore* 
tisdien Wissens gibt 
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THE DISPERSION OF THE ULTRASONIC 
VELOCITY IN LIQUIDS. 


By R Bak 

{Phya^altnehea Jnshiui der Umi^ermfat Zurich, Hamudratfse 60 ) 

§ 1 Thb question of the existence of a dispersion of the ultrasonic 
veloaty in liquids has in recent years been the subject of numerous investi¬ 
gations Amongst the authors^ Prof Sir C V Raman and his school of 
physicists must be mentioned in the first place, because they have contn- 
buted many extremely important papers to this problem and to the related 
one of the fine-structure of the Rayleigh-Iine of Iight-scattenng Hence it 
gives me speaal satisfaction to have the opportumty of pubhshmg some 
measurements on this question in the Raman-Jubilee Volume of these 
Proceedings The results of my investigation are as yet rather meagre and 
bear on two substances only, but as all new measurements in this field 
may be of some help, I dare to publish this work even in its present imperfect 
state 

Experimental 

§ 2 The method with some prehminary results has already been 
shortly described in a recent paper in Helv Phys Acta *, it has now been 
somewhat improved and yields for the determination of the veloaty 
r = A >0 (A == sound-wavelength, Q = sound-frequency) in smtably 
selected hqmds {e g , water) an accuracy of a fraction of a pemulle 

{a) A IS measured by means of the usual method of the diffraction of 
light by sound waves, on which nothing further need be said 

On the other hand, some remarks must be made on what is generally 
considered as a serious source of error This is the strong dependence on 
temperature of the sound-velocity, which may vitiate the results, espeaally 
if one uses very high frequencies (c/ below), where there is a marked absorp¬ 
tion of the sound-energy But it seems that this difficulty can be overcome 
to some extent by using a strong light source and sensitive photographic 
plates for taking the diffraction spectra If the two measurements of v at 
the two frequencies are made in a suffiaently short tune interval and if the 

^ We will cite only the latest papers 0 V Raman and B V Koahavendra Rao, 
Nature, 1037, ISO, 536, and 1938, 141, 242, B V Raghavendra Rao, Proc Ind Acad 
fid, 1988, 7, 163, rf also Nature, 1937, 180, 886, A K Tlutta, Phpe ZS, 1038, 80, 
180 , B Parthaearathy, Curr 8n , 1037,65, B O SpalcoTsklj, Doklady, 1938,18,109 

> R. B&r, Helv Phye Ada , 1938,11, 472 
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sound waves are only exated dnnng the time of exposure of the photo¬ 
plate, the corresponding change in temperature can be kqpt neghgibiy small 

The heal nse in temperature on the spot, where most of the sound 
energy is absorbed in the hqmd, then gives, owing to the temperature 
gradient, nse to some sort of mirage, xe, to a bending of the light-rays, 
which pass through this region Hence’this portion of the Itqmd is auto¬ 
matically eliminated from the measurements If the sound waves are 
generated dunug a time interval, which is very much longer than the one 
which IS necessary for photographing the spectra, this mirage is easily observed 
as a shaded wing on one side of the undiffracted hue and s imilar weaker 
ones adjoining the diffraction-lines Fig 1 shows the phenomenon as it is 
observed in benzene with a frequency of 18 *75 MHz It can be made to 
disappear by shielding off the portion of the hqmd dose to the sound-quartz 
An analogous wing can also be generated by plaang a brass-rod, which 
must only be a few degrees warmer than the hqmd, for some seconds in 
contact with the glass wall of the vessel, on which the quartz is cemented 
Conversely a wing on the opposite side of the line originates, if one puts 
a cooled rod in contact with the wall 

The phenomenon is very conspicuous in benzene and m acetic aad, 
whereas it is much weaker in water Of course it is a hmdrance to the 
wave-length measurements, this may be the reason why the accuracy of 
the results obtained with water is higher than that with many other hqmds 

{b) Of the sound-frequencies used, the lowest one \Qi » 7 6088 Mega- 
Ilerlz (MHz)] was exactly known, because it was generated by a quartz- 
controlled oscillator The higher frequenaes used (22 *5 f 52 >6 MHz) were 
different for different liqmds, but they were always chosen as high as was 
compatible with the sound-absorption of the hqmd under investigation 
This was done for the two reasons that, in this hi^ frequency-range the 
cxpenmental data are particularly meagre, and because a recent theory of 
Knesei* seems to indicate that a dispersion effect may be easier to observe 
with high frequencies 

§ 3 All sound waves were generated with one and the same sound- 
quartz, which was ground for 7 5 MHz When the quartz was exoted m this 
fundamental tone, an oscillator Oi was used, the frequency of which was 
kept at 7 5088 MHz by means of the above-mentioned master-qn&ttz 
A number of higher harmonics Mj, ma, ••• oi Ot could then be detected 
with a sensitive wave-meter When the soMMd-quartz was made to vibrate 
in an overtone, another oscillator Oa was used, the harmonics »i, n„H, ••• 

* H O. Kneaer, Aim d. Pklft, 1088, 81^ 2T7. 
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of which could also be measured with this wave-meter As 0| was tuA 
quartz-coutrolled, the mode of vibration of the sound-quartz could then 
m some measure be vaned at will and different states could be reached, 
where some harmomc m, was equal to some other Ujt The frequency Q, of 
Ot, with which the sound-quartz was then vibrating, is m this case — 
njilm, Qi — x 12,, where * = small rational number 

Results 

§ 4 The results for the two hquids, distilled water and benzene, 
are shown in Tables I and 11 and m the diagrams of Figs 2 and 3 
respectively, where the value of the sound veloaty (ordinate) is plotted 
against the value of the temperature T of the hquid (absassa) What one 
really measures is of course not the wavelength itself but the distance of 
the diffraction spectra The factor for converting one magmtude into the 
other requires intncate measurements, which are not relevant for the present 
purpose Hence the very accurate new measurements of Seifen* were taken 
as a basis, they yield for the sound velocity in water at 20° C a value of 
1483 *2 m /s With the corresponding conversion-factor all values of v for 
the three hquids were calculated 

(a) DtsttUed water —Owing to the small sound absorption, measurements 
with very high frequencies are feasible m this hqmd Consequently the 
comparatively high value of z = 7 can be used, which makes f2, 52 6 MHz 

The results of Table I and Fig 2 show that m water m the interval 7 6 
^ 52 5 MHz no dispersion is visible, the deviations from the curve are here 

Table I 

Sound Velocity tn Dist Water 


T 

Ut 0 

^62 0 

17 65° C 1 

1475 9m /s 

1475 4 m Is. 

17 95 

76 9 

77 2 

19 12 

80 3 

1 

80 3 

19 56 

81 9 

81 7 

20 62 

84 4 

86 1 


« N. BeUen, ZB. f. Phye , 1W8,108, 081. 
A4 
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particularly small and remain (with one exception) < 0 *3 m /s = 0 -2 % 
These measurements may serve as a complement to those already 


published (R Bar, loc cti) 


Sound voloctty in dist Watar 



dound velocity m Benzene 



Fio 3 


{b) Benzene —The rather high absorption prevents measurements above 
21 {x = 5/2, 8/3 and 14/6 were used) Again no dispersion is visible 
(c/ Table II and Fig 3) It must be mentioned however, although it is not 
relevant in this connection, that the absolute values of the velocity are 
somewhat smaller (about 3 m /s ) than those of the best new measurements 
As no speaal care was taken to get really well-punfied benzene, this does 
not seem surpnsmg 



Hat 


Ih'oc. M Head S<t, A. iKt/ r///, /Y y// 



Tn 1 - W ui^-pbenumenciii m bcn^tiic at 187S MH/ 
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Tabi,e n 

Sound Velocity tn Benzene 


T 

12, 

V, n 

®12. 

18 44“ C 

21 0 MHz 

1328 1 ni /b 

1329 1 m /s 

19 36 


24 3 

26 6 

20 12 

18 8 

21 1 

20 3 

20 31 

20 “0 

19 7 

17 8 

20 41 


18 7 

17 7 

20 42 


19 0 

17 8 

21 62 

21 0 

13 7 

14 1 

21 66 

p 

14 2 

13 7 


Summary 

§ 5 No dispersion of the ultrasonic velocity is found for water 
between 7 5 a 62 6 MHz and for benzene between 7 6 f 21 MHz 



A STATISTICAL ANALYSIS OP TRENDS IN 
RESEARCH ON THE RAMAN EFFECT. 


By jAiiss H Hibben 

{From the Oeophyttical Laboratory^ Carnegie Tnatitution of Washington^ l^ashtngion, DC) 

In View of the tenth anniversary of the discovery of the Raman effect, it 
appears appropnate to make a statistical analysis of the numerous pubhca- 
tions in this field It is useful to determine, for example, whether the 
interest in this discovery has passed through a maximum—as have many 
other chemical and physical developments—and then waned One method 
of determining this would be to plot the number of pubhshed articles on the 
subject or the number of manuscnpt pages as a function of time An 
accurate determination of the number of pages is not practicable The 
number of separate publications, however, can be estimated and it is found 
that there are nearly seventeen hundred of them over a ten-year period 
The rate of pubhcation is shown in the graph in Fig 1 



YEAR OF RUBUCATION 
Fia 1. 

The number of publications per annum on the subject of the Raman effect. 
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This figure illustrates the very rapid nse in interest in the subject 
and the sustaining of this interest over a rdativdy long period On the other 
hand, the graph exhibits a pecuhanty which appears to be very signi¬ 
ficant and not fortuitous This is the rather sudden drop in the pubhcation 
rate which reaches a minimum in the latter part of 1933 With regard to 
this behaviour there are several comments which may be of mterest 

^ The first of these is that an increase in the average length of papers 
might cause a diminution m the average number, but would not account for 
the second nse in the curve Furthermore, a generous sampling of pubhca- 
tion-length indicates that the average paper is about five pages in length 
and this has not altered greatly with time 

The possibility of the effect of the depression in the Umted States—^which 
reached a maximum in 1932—on research funds, endowments and scholar¬ 
ships would occur to the average Amencan Such an effect would be a 
delayed one and would ostensibly account for both the diminution and the 
subsequent increase in the publication rate However, a closer examination 
of all the pertinent facts shows that this hypothesis is, at best, only partially 
tenable The over-all decrease in 1933 from the general average is 30 per 
cent, but in the United States where the finanaal situation was more acute 
at this particular period than abroad, it reached a value only shghtly lower, 
namely 33 per cent, while in Germany, combmed with Austria, the reduc¬ 
tion was 47 per cent Fart of the latter reduction can undoubtedly be 
attributed to the known diminution m fundamental research in Germany 
Finally, it can be shown that the world-wide recession in all types of chemical 
and physical articles in 1983 amounted to but five per cent This seems to 
confirm the view that the drop in the rate of pubhcation in 1933 on the 
subject of Raman spectra is significant, that it was not greatly affected by 
econotmc conditions, and that the length of articles played no obvious r61e 

These factors havmg been considered, the next step is to examme the 
possibihty of a real drop in interest in the Raman effect followmg the fading 
of the first bloom of novelty This undoubtedly enters into the picture and 
IS probably partially responsible for the dip in the curve. However, if this 
IS accepted as an interpretation, the re-awakemng of mterest after 1933 most 
also be explamed This becomes dear to some extent when it is remembered 
that the Raman effect began as a step-child of physics, but as time progressed 
it became the adopted son of chemistry 

It was during the period from 1932 to 1934 that the purdy theoretical 
emphasis changed from an explanation of the origin of the Raman effect to the 
corrdation of that effect with the modes <A at<Mmc vibration Furthermore, 



296 


James H. Hibben 


it was during this period, that there was an increased realization of the 
apphcabihty of the Raman effect to structural and constitutional problems 

All the influences thus outlined may collectively play a rdle in the 
production rate, but as a complete explanation none of them leaves one with 
a feeling of consummate satisfaction Neverthdess, these data indicate 
a wide and sustained interest in the Raman effect which will apparently 
continue for an indefinite period 

Another item of interest is the extensive distnbution of research work 
on this subject This may be determined from the number of publications 
whose experimental data or theoretical condusions onginate in various 
locahties This is quite distinct from nationahty of the author or the place 
of publication These results are showm in Fig 2 



Fig 2. 

Tlip RBOKraphioal dutiibution of research on the Raman effect 

This figure indicates that most of the work is being carried out in the 
Bntish Empire (India, England and Canada), Germany and Austria (most of 
the pubhcations of this combination ori^nated in erstwhile Austiia), the 
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United States, France, Italy, and the remainder in some fifteen other 
countnes For an individual geographical umt, India, as might be expected, 
IS the most prohfic producer of research on the Raman effect The German- 
Austnan and Italian outputs differ from the others m resulting principally 
from the efforts of a relatively few individuals m those countnes rather 
than from the efforts of groups of workers as in other countnes 

The next items to consider from a statistical point of view are the 
trends indicated by the number of compounds investigated, the number of 
tunes each has been studied, and the type of compounds From 1928 to 
September 1938 there have been examined 2,101 different orgamc compounds 
and 385 different inorganic substances, or a total of 2,486, discussed in 1,700 
publications The hst of new compounds mvestigated is increasing at the 
rate of approximately 20 per cent per annum taking the past three years 
as a criterion Furthermore, previous investigations are being repeated 
For example, it is found that the number of pubhcations on the Raman 
spectra of benzene increases at the rate of 13 per cent per annum, if the one 
hundred and twenty-five papers on this substance in 1935 are used as a 
base level 

The type of compound studied is also of interest For the purpose of 
presentation these compounds are divided mto two classes, organic and 
inorganic, and each of these, in turn, is subdivided mto categones according 
to broad constitutional characteristics The results obtained from the first 
class are shown in Table I, and are given in terms of the relation of any 
particular category to the largest category, namely, the halogen denvatives 
of aliphatic hydrocarbons In making comparisons it should be noted that 
in some cases the hydrocarbons and ail derivatives are lumped into one unit, 
while in others there is additional classification This is done when the 
number in different classes would be rather insignificant 

It is noticeable from Table I that the halogen and carbonyl denvatives 
of saturated aliphatic hydrocarbons are more popular sources of Raman 
spectra than the hydrocarbons themselves Probably this is because of the 
physical properties of the earlier members of the hydrocarbon senes On 
the other hand, the monosubstituted aromatic hydrocarbons, such as toluene, 
have been investigated much more frequently than any of the other denva¬ 
tives With the di- and tn-substituted compounds, however, the reverse 
is tnie and there is a diminishing populanty with increased substitution 
This IS easily understandable, inasmuch as the greater the complexity of the 
molecule the more difficult it is to allocate the Raman spectra properly, and 
the less clearly defined are the results 
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TABI.S I 

Relative Number and Ktnd of Compounds Investigated 


*Compoi]ndN 

Bela 

tive 

No 

Compounds 

Rola 

tive 

No 

Compounds 

Etcla- 

tive 

No. 

Aliphatic hydrocarbons 

32 

Aliphatic olefins 

26 

Aoetylonio hydrocarbons 

15 

Halogen derivatives 

JOO 

Halogcm denvatives 

21 

Halogen derivatives 

1 

Alcohols and ethers 

67 

Alcohols and ethers 

7 

Alcohols and ethers 

9 

k'arbonyl denvntivcn 

100 

Carlmnyl derivatives 

18 

Carbonyl derivatives 

1 

C'ynno oompounds 

10 

Cvano compounds 

4 



^Sulfur compoundn 

10 





^Nitroflcen compounds 

37 

Nitrogen compounds 

4 



Mstallo ooni|)Oiinds 

6 





^Cyclic liydrocarbonH 

37 

*Polvoyolic hydrocarbons 

12 

Heterocyclic nitrogen 






eompoonds 

18 

rvoloblclinB 

17 

Heterocyclic polycylic 


Heterocyclic oxvgen and 




compounds 

10 

nitrogen or sulphur 






compounds 

6 

Torpenes 

30 

Heterocyclic alcohols and 






cl hers 

9 



Henvnc and Monoauhstt 


Duubitlituied DertifcUiveti 


Tf%9ub0itiuled Denvaitvee 


luted Ikrtvftiive^ 






Benrene and alkvl deri 1 


Alkyl derivatives 

9 

Alkyl derivatives 

4 

vntn'es 

00 





llalidrs 

17 

Halides 

24 

Halides 

12 

Alcohols and Pthers | 

0 

Alcohols and ethers 

10 

Alcohols and ethers 

5 

rarbon> 1 compounds 

28 

Carbonyl compounds 

13 



Cyano compounds _ 

« 

4 

Cvano compounds 

4 

Cyano compounds 

1 

Sulfur compounds ' 

2 

Snifnr compounds 

1 



Nitrogen compounds 

15 

Nitrogen compounds 

16 

Nitrogen oompounds 

4 

Metallo compounds 

1 






* The comparmon between the reUtlve Dombers of oompoonde in nwde by aaeigiiing * valne 
of 100 to the halogen deriTativee 

^ Carbonyl moludea aoicis, aldehydes, ketones, ostern, etc 

* Inoliidos thioethen and meroaptaDS 

* Inoludes ammos, amides, nitrates, etc 

^ Includes all denvatiTes not listed elsewhere 
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It can be seen, therefore, that when a particular kind of compound has 
been examined or re-examined more frequently than others, there is usually 
some good reason for it The interest in benzene has continued because it 
represents a characteristic class of compounds whose fundamental vibrations 
are not easily determined and whose symmetry is important Carbon 
tetrachloride, which is equally important for the same reason, was re-exa¬ 
mined with considerable frequency until the last three years, but now has 
only half the percentage increase that benzene possesses l^s is because 
the symmetry (T,/) and fundamental vibrations have been determined The 
Continmng interest m this compound is now practically confined to the 
Fermi resonance effect and the influence of temperature The number of 
studies on the terpenes is also out of proportion because of the interest in 
their chemical constitution as detennined by the Raman effect In general, 
the present trend with organic compoimds is toward comparative determi¬ 
nation of constitution and toward the precise determination of structural 
configuration through the symmetry characteristics c f the molecules 

In the field of inorganic chemistry there are also preferences among the 
compounds studied These are shown in Table II, which includes the pnn- 
apal types of compounds 

Tabi£ n 


Rdaitve Number and Kind of Some Inorganic Compounds Investigated 


^CompoundH 

Rcia 

tivc 

Mo 

^mpouiKlu 

Kela 

tive 

No 

CompoundH 

Rola 

tivo 

No 

Compounds 

Rela 

tive 

No 

NitrateR 

100 

Water 

100 

Ammonia 

.72 

HnHiino acid 

48 

8n1fato^ 

63 

loo 

7 

Carbon dioxide 

32 

Nitno acid 

39 

CarbonatCH 

23 

Diamond 

10 

Hydrogen 

23 

Hydrochloric acid 

23 

Acida 

74 

fihlica 

33 

Oxygen 

22 

Hydnodic acid 

14 

Hydit»zideR 

6 

Carbon dwulflde 

40 

Nitrogen 

19 

FCrchlono acid 

U 





Pboapbine 

7 

Orihophoephorio 






Chlorine 

. 

0 

acid 

8 


* Compsrlion made ooniidenng the nitntei w 100 

* Compenton made for ell pnre oompeunda eonaiderug voter aa 100, 


Of all the types of inorganic compounds exammed most freely, the 
mtrates lead the rest These represent the mtrates of some twenty dements 
headed by sodium and the ammomum ion Ammomnm mtrate has been 
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frequently employed because it affords a means of studying both amon and 
cation simultaneously Both mtrates and sulfates have been frequently 
investigated as a corollary to expenmcnts on the constitution of sulphuric 
and nitnc acids As considerable light can be thrown on the behaviour 
and structure of these acids and their derivatives by means of the Raman 
effect, this accounts for the exceptional interest in aads in general and in 
these two acids in partiailar 

The only carbonate examined frequently is calcium carbonate as calcite 
or aragonite This is because of the physical properties of the compound, 
the need to determine the Raman effect as related to the symmetry of a 
molecule of this type, and because of the lattice vibrations present The 
number of papers on carbon disulphide is also out of proportion in relation to 
the other compounds This may be attnbuted to the fact that it is a border¬ 
line compound between organic and inorgamc chemistry and because of the 
splitting of frequencies in this substance due to couphng 

There is fair uniformity among the gaseous substances relative to the 
frequency of investigation This is partially because an author usually 
discusses several gases at the same time Chlorme, along with phosphine, 
suffers a lack of attention for obvious manipulative reasons 

One of the most interesting features of the entire table is the demon¬ 
stration of the remarkable interest m water There are at present some 
eighty-eight separate publications on this subject Water has long been 
known to be an abnormal substance, and it is not surpnsing that Raman 
spectra have been frequently employed to study its behaviour under diff¬ 
erent conditions Water is of interest in itself because it represents the 
type of molecule consisting of three atoms having a non-linear configuration , 
it IS the nearest known universal solvent, and it exhibits m a relatively high 
degree the phenomenon of intermolecular coupling It is this last feature 
which has stimulated much of the research on water and whidi is demon¬ 
strable by means of the Raman effect 

Summary 

There have been outlmed in this presentation, the trends, dunng a ten- 
year period, in interest in the Raman effect as a function of time and geogra- 
phicsd distribution The interest in particular types of orgamc and inorgamc 
compounds has been evaluated, and the reasons for preferential treatment 
of certain classes and compounds have been discussed bnefly 



SPECTRES RAMAN ET SPECTRES D’ABSORPTION 
INFRAROUGE DE COMPOSES OU L’AZOTE 
EST TETRACOORDONNE 

Par Mmb Makib Freymann et Mr Rene Freyhann 

{Laboratoire du Profet»eur Cotton, & la Sorbonne Partii ) 

Resume 

lyES aueteurs ont examine les spectres Raman et les spectres d’absotp- 
tion dans le proclie infrarouge (0,8 k I, 2p) de composes oii I’azote est 
tetracoordonnc Ils comparent leurs rcsultats a ceux d’autres auteurs 
I,es conclusions suivantes en resultent 

1°—Pour les solutions aqucuscs peu concentrces de tous les composes 
oil I’azote est tetracoodonne, les frequences caractenstiques du groupcment 
NH sont absentes ou extrSmement faibles 

2®—Pour les mfmes substances h I’fetat solide, (ou les solutions aqueuses 
tres concentr6es) de larges bandes apparaissent, elles sont nettement 
d^placees vers les basses frequences par rapport aux bandes corsespondantes 
de I’azote tnvalent 

La premiere de ccs conclusions a 6te venfiee pour les sels d'anunomum, 
pour les chlorhydrates d’amines, les aminoaades et les complexes amnmies 
du cobalt, du cuivre et du platine 


C’est en se completant mutuellement que les spectres de diffusion Raman 
et les spectres d'absorption mfrarouge ont permis un d^veloppement rapide 
de nos connaissances sur la structure moleculaire Bn general, ces travaux 
ont port6 sur I’ensemble du spectre et la recherche des divers modes de 
vibration , cependant, nous allons essayer de montrer que I’^tude de certaines 
vibrations particuliires des molecules foumissent 4galement d'utiles 
xenseignements sur leur structure 

Les amines secondaires et pnmaires, I’ammomac (substances renfcr- 
mant dans leurs molecules des groupements NH, NH* oh NH*, oh Tazote 
est trivalent), pr^sentent une ou plusieurs frequences Raman et infrarouges, 
trhs intenses, assez fines, voismes de 3 300 cm environ Ces frequences 
valient peu avec la nature des groupements attaches h NH ou Aussi 

peut'On, en premiere approximation, les attnbuer h la vibration de valence 
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N-^H et les designer par v (NH) Les ler. 2&me, 3ime, • •'hannoiiiques 
infrarouges seront design4s par 2 v (NH), 3v (NH), 4v (NH),* 

Nous nous proposons d’examiner ce que devtametU ces frkqumces pom 
les composes ou Vazote n'est plus tnvalent mats Utracoordonni , nous insisterons 
plus particulierement sur les travaux effectues au laboratmre du Frofesseur 
Cotton, soit sur le 2 ferae harmonique Sv (NH) — vers I, 04 /a environ—, soit 
sur les frequences Raman foudamentales correspondantes 

Kfesumons dfes maintenant les conclusions essentielles 

1°—Pour les composes de 1’azote titracoordonne, en solution aqueuse assez 
dtluie, il semble que touts Jrdquences NH de valence dtsparatsse (fondamentaux 
et harmomques) (13, 6, 7, Ilbis), 

2° —Pour les metnes composes d I’etat sohde {ou en solution iris concentrde) 
les frequences v (NH) votstnes de 3 >300 cm n’apparatssent pas , elles sont 
rempiacies par des bandes tris larges de plus basse frdquence 3 000 cm~* 
environ (v (NH),) 

C'est notamment aux beaux travaux d'Ananthaknshnan que Ton doit 
cette demiere observation 

/ Sels D’Ammonium 

Considerons une solution amtnomacale contenant 20 gr de NH* pour 
100 cm* de solution, le spectre d’absoiption dans le proche infrarouge 
prfesente plusieurs composantes dont la plus intense est voisine de 1,04 (i , ces 
composantes correspondent au 2 feme harmomque ( Sv ^^H)) des frequences 
voismes de 3 <300 cm Au contraire, une solution de chlorure 
d’ammomum, de mfeme teneur en NH*, ne montre pas de bande correspon- 
dante (13, 6, Ilbis) 

Ce resultat peut fetre illustie par racpfenence suivante 

Dans les mfemes conditions expenmentales, trois spectres emt ete 
eneigistres, sous une epaisseur de 2 cm pour 1*) une sdution d'ammoniaque 
12 N, 2”) la mfeme solution partiellement neutralisee par I’aade chlorhydrique 
3°) la mfeme solution renfermant un exefes d'acide On voit sur la figure If 
que la bande 3 v (NH) disparatt graduellement au fm et d mesure que I’azote 
passe de la valence 3 k la eoordtnence 4 C’est cet effect que nous avons 
dfesigne par " phenomfene de dissimulation poor Tazote tfetracoordonne ” 

* Nous ne parlerane pee let des (rfequenoes de dfetoraieAion 8<NH) que nous 
n'avuna pas fetudidee 

t Sur cette figure, lea longueurea d’onde aont portdes en ebacisae, lea ddviettens 
du galvaaomStre en ordonnde Cea eourbea reptoduiaent lea enregiataementa dlieote, 
obtenua & I'aide d’un epeettomfetie eniegtotreur k tdaeeu et k cellule thaldlde, eette 
cellule aenalble de 0,8 it 1,2 ft, a un maximum de aenaibilitd veie 1,0ft (4) 
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D^oitons “• NH^nH^O (^euj 

gahanomtirt » *CIH (aoonbnmiipabaaiioii^ 



L’etude que nous avions faite (6) des spectres Raman de solutions peu 
concentrees a paru confirmer les donaees de I’lnfrarouge Pour une solution 
d'ammoniaque les raies Raman sont trfo intenses, au contraire, pour une 
solution de NH*Q de m£me teneur en NH* (10, 5 gr pour 100 cm • de sdu- 
tion), les bandes de I’eau apparaissent settles avec nettet6 

En disaccord apparent avec nos r6sultats, les recherches sur I’effect 
Raman de divers auteurs (1, 12, 14, 16, 17, 18, 20) onl condmt aux conclu¬ 
sions suivantes 1® Pour les composes k I’eUU solute les raies v (NH) voismes 
de 3 300 cm"* n'apparaissent pas Mais elles sont remphctes par dtverses 
bandes iris larges, comprises entre 2,800 et 3 200 cm-* enmron Nous 
dSsignerons ces bandes par v (NH )f poor rappeler leur presence dans le 
Bolide 2® Pour des solutions aqueuses tris concenirets (12N) de mtrate d’ 
ammomum, Rao et Rao (19) ont signal^ des raies Raman tres larges et peu 
mtenses, voisines de 3 100-3 200 cm * 


Nous avons alors recherche si, pour de fortes concentrations, il n'existe 
pas, dans le proche infrarouge, de fatbles bandes harmontques de v {NH), 
nous avons £tudi4 des scdutions ti4s concentrees et des sels fondus 

Comme le montre la fig 2, une large bande apparalt, vers l, 06 fi | 
pour le nitrate d’ammomum fondu (160® C) 


t Cette bande eat done dSpIaode ven lee baeeee fiSquenoee par rapport 4 
de rammontaque. 
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La tneme bande existe pour utie solution aqueuse it nitrate d'ammonium 
tris concentrie, examinee sous 5 cm d’epaisseur (100 gr de sel pour 110 cm * 
dc solution) Mais cette bande disparait complitement pour une solution 
diluie de moitii, examtnie sous une ipaisseur double {Fig 2) Bien que la 
quantite de sel placie sur le trajet de la lumiire soit la meme dans les deux cos, 
la dilution fait disparaltre la bande de 1 06/t II semblerait done que cet 
effet soit lie k la dissoaation 

NH« NO* fc; (NH*)+ + (NO*)- 

%• 

On pent alors se demander si la large bande de 1 OC/i correspond au 2ime 
harmonique des frequences Raman v (NH),, s*il en est ainsi, ces frequences 
Raman doivent disparaltre egal ement par dilution, ce qm expbquerait le 
desaccord entre les experiences de divers auteurs (sur des solutions con- 
centrees) ct les ndtres (relatives a des solutions assez diluees) Bien que 
cette fa^'on de voir nous paraisse tris vraisemblable, nous ne nous pronon* 
cerous pas encore de fa^on definitive, attendant les resultats d'expenences en 
cours d’une part sur I’effet Raman, d'autre part, en collaboration avec M 
Yeou Ta, sur la region infrarouge comprise entre 1,2 et 2 /i envuon, des 
experiences sont egalement faites par Mr P Barchewitz, entre 0 6 et 0*9 /a. 
Nous aSirmerons simplement ici la di spantion Ms rapide de la fatble bande 
de 1 OQ fjL, tors de la dilution 
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Pour montrer que la dispantion des bandes caractenstiques du groupe- 
ment (NH) n*est pas propre seulemeiit aux sds d'ammomum, nous avons 
£tudie divers autres types de composes ou I'azote est tetracoordonue Nous 
exammerons seulement ici la dispantion de v(NH), sans etudicr la possi- 
bilite de Tappantion de faibles bandes v (NH pour les solutions trcs coii- 
centrees Des difficultes expenmentales ne nous permettent pas actuellement 
de conclure au sujet de ces derni^res et nous nous proposons de reprendre 
cette question 

II Chlorhydrates D*Amines 

I/es solutions diluees de chlorhydrates d'hydrazine, d'hydroxylamine, 
de diammoph^nol etc presentent, dans Tinfrarouge, le meme tffet que 
les sels d'ammomum I^es bandes voisines de 1 04 fi, tr^s mtciises pour 
NH* NH*, s'affaibhssent deja fortement pour NH* NH*"^ Cl“ . elles disparais- 
sent presque totalement pour *C1+ H®N NH®^ Cl“ (13, 0, Ilbis) 

1^ spectres Raman des solutions de cliloihydrates confixment cette 
dispantion (3, 6), toutefois, pour les solutions suffisammeut concentrees, 
nous ferons les momes restnctions que pour les sels d'ammonmm (possibilitc 
de r existence de faibles bandes v (NH)j) 

III Composes Amphoteres 

On peut rapprocher ces recherches sur les chlorhydrates de celles 
effectuee par Tun dc nous, en collaboration avec Mr P Runipf (5, 6, Ilbis), 
sur les amiiioacides amphotfires (glycocolle, taurine, paratolu^nesul- 
famide) I^e spectre infrarouge d'une solution aqueuse de glycocolle ne 
presente pas la bande 3 v (NH) Tazote doit done etre tetracoordonne et le 
glycocolle sera formule ^ H* N CH* COO" Par contre, cette bande est trSs 
intense pour le glycocollate de sodium , on representera done cette substance 
par NH*CH* COO“ Na^ (oil Tazote est tnvalent) 

I/es resultats precedents, relatifs a Tinfrarouge, sont en parfait accord 
avec les importauts resultats qu'Edsall a obtenu, independammeut de nous, 
sur I'effet Raman des aminoacides en solution (3) On voit que les methodes 
spectrales s'accordent pour confirmer, avec simpliate, les conclusions 
fourmes par d'autres methodes physico-chinuques sur la structure des amino¬ 
acides 

IV Complexes Ammtnis Du Cobalt, Du Cmvre, Du Plahne 
On aurait pu objector que dans les exemples pr6c6dents cesont (NH*)’*' 
ou (NH“)+ que Ton 6tudie, et non le groupement NH* II n'en est pas de 
mfime pour les complexes ammines du cobalt et du cuivre que nous avons 
£tudi4s avec Mr le Professeur Job (13) ou ceux du platine, examines par 
Mr. J. P Mathieu et Tun de nous (10) Comparons, par exemple, le spectre 
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mfrarouge d’tme solution aqueuse de [Co (NH^*H*0} Q* et une solution ammo* 
niaoale contenant la meme quantity de NIP, pour cette demiire Si/ (NH) est 
trte nette, alors qu’elle est beaueoup plus faible pour la premidre (6, Ilbis) 

lya tnStne remarque a ete faite (6, Ilbis) pour [Cu (NIP)*] Q*, complexe 
imparfait pea dissocie cn solution Par centre, un comidexe ttis uuparfait 
(nitrate d’argent ammoniacal) montre nettement 3 y (NH) 

La fig 3 confirme la dispantion de 3 (NH) pour on complexe amnime 
du platine Une solution aqueuse a 60 % de [Pt py* (NH*)*] Q*. renfennant 
3,7 %de NH*, ne montre pas 3 v (NH), alors que cette bande existe pour une 
solution ammomacale k 2% seulement 
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d’npr&i J P MathiouetM PreymMm (10). 

Kn cc qui conceme I’effet Raman des complexes, rappelons notamment 
les travaux eilectu^s par Mr J P Mathieu, seul, ou en collaboration avec 
Tun de nous (16, 10) Ils s'accordent parfaitement avec les donn^es de 
I’lnfrarouge, toutdois, il ne faut pas exdnre la possibility de I'mstence de 
V (NH)j pour ces complexes k I’etat sohde de nouvelles recherdies sont 
nycessaires 

V Concluston 

L'existence du phynomine de dissimulation pennet, dans certains cas, 
rytude de moiycules dont la structure est encore discutye C’est ainsi que 
nous avons montry (6) que lea solutions aqueuses d'ammoidaqne ne doivent 
pas ytre formuiyes NH*OH mais que la majority des moiycules est sons la 
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forme NH*nH*0 I^a structure de certains aminoacides comphques pourrait 
^galement £tre etablie ainsi 

D'autre part, il semble que toute interpretation theonque detaillee 
serait actuellement prematuree, faute de donnees expenmcntales Cepen- 
dant, il nous parait intiressant de rapprocher cettc etude sur le groupement 
NH de celles faites sur le groupement OH des alcools, acides, oximes, etc , 
(4,8,9,11,) Rappcions que lorsque le groupement OH est libre (vapeur 
d'alcool par example) on observe une bande fine dont le foudamental 
est voisin de 3600 cm * (nous la designons par v(OH)y, pour rappeler son 
existence dans la vapeur) Quand le groupement OH est engage dans une 
liaison hydrogfene (soit mtramoleculaire comme dans Taldehydc sahcyhque^ 
soit intermoleculaire comme dans lassociation moleculaire clcs alcools), 
une bande tr^s large apparait vers 3 400 cm , cette bande se repioduisant 
dans ces composes ^ Tetat solide nous la representons par v (CH)^ Or, en 
etudiant avee Mr Gueron (11) des solutions chlorhydnques d'alcool —(rather, 
Tacetone, le dioxaiie ont ete egalement examines)— n'avons retrouvt, 
dans le proche m/rarouge, m la frdquence 3 v (OH)y nt la frequence 3 v (OH)j 
Il nous semble done interessaut d'etabbr le parallfile suivant entre les 
resultats relatifs a Toxygine et a Tazote 

Oil Ilbre Oil asBocu (0-HO) Solutiuus (lon- 

iBCPH I*) 

3 600 cm (fine) 3 400 cm (large) Ilandes OH lies on abBeuies 

NH pourl'azote NH pour I'azote Soliitionft chloihvdTiquos lonii^^es 

trivaleni pentavalent (pour Tazote pontavaleni) 

3.300 cm (fine) 3 000 era (large) Uandcs NH tifes faibles on ab»ento8 

%• 

On volt que si un certain nombre de faits exp^nmentaux sent ^bbs, 
il reste encore beaucoup it faire pour etudier des problimes qui inUressent 
tout particuli^rement la throne de la liaispn coordinative De telles recher- 
ches montrent la nicet>sit4 de confronter ces deux techniques mtunement 
liies, 1^ spectres de diffusion Raman et les spectres d’absorption infra¬ 
rouge. 
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SOME REMARKS ON RECIPROCITY. 

By Max Born 


As I had the pnvilege of collaborating with Sir C V Raman m his Institute 
for a period of six months in 1936-36 I have a great desire to show niy 
admiration of his discoveries and my appreciation of his unceasing efforts 
for the advancement of Indian Science by contributing to this volume of 
homage devoted to papers on scattering of light and Raman effect But 
since the olden days when I did some work in this held^ it has 
developed so marvellously that it has become the domain of a class of 
speciahsts with whom a ' general practitioner * of physics cannot compete 
Therefore I shall content myself with presenting a few remarks of a very 
general nature, about the difficulties whicli theoretical physics encounters 
when dealing with the nature of light and ultimate particles 

These difficulties appear formally as the infinite self energies of the 
particles, but the real problem is the theoretical derivation of the ratio of 
the masses of these particles (Klectron Yukon Neutron-Proton as about 
1 200 1850), and this problem is certainly closely connected with that of 

He 

the fine structure constant —^ =137 At present separate wave functions 

are introduced for each kind of particle, containing the proper mass as 
coeffiaent This state of affairs is highly unsatisfactory, and it is generally 
agreed that a comprehensive theory must lie behind it, containing only one 

^ My contnbution to the chismcaJ theory of scatteiinfc cuneielR of an inveRtigatlon 
{Verh d DetUach Phya Gea, 1017, i> 243, 1018, p 10) on tho depolarisation of light 
scattered from anisotropic molecules This depoiatisaiion effect had already been 
derived by Gans {Ann d Pkya, 1912, (4), 87, 88J) for colloidal paiiiclos by ti'eating 
these os conducting elhpsoids 1 showed that the effect was a geiu^ral ronsequcnce of 
the fact that m any anisotropic polorisabie system, the polarisation vector excited by 
an electric field is not parallel to the field vector, it ran, therefoiv, bo expected also for 
anisotropic molecules and used for the determination of the anisotropy 

When quantum theory developed, Hmekol (xVafwnr , 1923, 11, 87 4) predicted the 
existence of a new kind of scattering with change of frequency using the idea of light 
quanta (photons) Kramers and Heisenberg (Zeiiarh f Phya, 1925. 81, 181) derived 
this effect by modifying the usual disi>eniion theory according to Bohr's corres|>ondcnce 
principle When Heisenberg, Jordan and myself developed the new quantum theoiy 
{Zedaoh f Phya , 1926, 85, 557) we applied the matrix formalism also to this problem 
and confirmed the formula of Heisenberg and Kramers This incoherent scattering 
of light 18 the effect which Ramon and Krislman (and liOndsberg and Mandelstam) 
found experimentidly, and 1 am proud that my work had some connection with this 
fundsimental discover>. 
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constant Thts constant may be considered either as a umvetsal length a. 
momentum b, energy e or mass m, as one has 

(I) ab b me, e —m^ 

It IS further generally agreed that the universal length which determines 
the breakdown of the present theones* is of the order 10~“ cm , which is that 
of the ' radius ’ of the electron and simultaneously of all nuclei, presumably 

one hat. a = —~ = 2 81 x 10*“ cm , where Mq is the mass of 

the electron, therefore h =* 137 c ^ 137 WqC* 

I have made an attempt to introduce the absolute constant in quite 
a different way, namely as an absolute electromagnetic field IS, or potential 
^ , this IS, of course, also equivalent to one of the other constants, on account 
of the equations 

m E-l,. 

It was possible to construct a non-hnear dectrodynamics* which led to 
the existence of point charges with hmte sdf-energy But this construction 
IS not umquely determined, and it was not possible to find an additional 
pnnaple to render it umque Furthermore, the quantization of the non* 
linear field equations did not give satisfactory restilts concermng the exist¬ 
ence and mass of partides Therefore, I do not consider this way as promising 
at present Recently, it has been shown by Dirac* and Pryce* that the 
appearance of infimte self-energy of point charges can be avoided by an 
alteration of the defimtions of force momentum and energy as given in Dorentz’s 
classical theory of the electron These new conceptions are m accord with 
the field equations and have no infiuence on any observable fact Though 
this result is not a solution, but rather an evasion of the problem of explain¬ 
ing the elementary masses, it shows that the difficulties connected with the 
self-energy cannot be used as indicators 


* The question of the limits of the present theories hoe been recently discussed in 
two Intorasting papers by Heisenberg (Ann d Fhy , 1038, (6), 8S» 20 ; ZttUek f. Fhy», 
1038, no, 25) In the first of these papers he discusses the * universal length *' appear¬ 
ing in the theories of elementary iiartielcs, In the secemd pubbeaUon he has accepted 
the view suggested by myself (in the papers quoted below) that we have primarily 
to do with an absolute momentum 

* M Bom. Ntaure, 1033, ISi; 070 j Froe Hoy Soe.. (A). 19<14, f4a» 410; M. Bora 
and L Infeld, NtUurt, 1033, 182, 232. 040 ; Froe Hoy Soe , (A). 1034, 144^ 425, 1034, 
147, 622 , 1036, 160, 141 

* P A M Dirac. Froe Hoy. Soe, London, (A), 1033, 167. 148 

* M II L Fryce, in print. I have to thank Hr. Pryoe for aUowmg me to read 
the manueorlpt. 
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One feature of this attempt at generalised electrodynamics seems to 
survive, namely the non-linearity of the equations For it is very difficult 
to conceive a merging of the different wave equations of the elementary 
particles (including photons and neutnnos) into one comprehensive theory if 
this theory is to be linear But there are very few cxpenmental indications 
of deviations from the accepted hnear laws The relativistic quantum theory 
of the electron seems to hold up to the highest energies occurring in cosmic 
rays * The structure of nuclei can be treated even without considenng 
relativistic effects owing to the high mass of the constituent particles The 
only deviations seem to occur in the case of fast Yukons which do not obey 
the laws predicted by the linear theory ’ 

Therefore, we have no other means of discussing possibilities of future 
development than purely theoretical considerations The only natural and 
unique way of introducing nou-hneanty into a field theory is that used by 
Einstein in his theory of gravitation, namely the postulate of general invari¬ 
ance which leads us to consider space-time as non-Euchdean, or ' curved' 
But Einstein’s tlieory has to do with very small curvatures, imperceptible 
in regions of laboratory dimensions It is also dear from the smallness of 
the gravitational constant that cosmological curvature has nothing to do 
with atomic effects These are bound to extremely small linear dimensions, 
of the order a, introduced above But as the small length a, according to 

(1), IS associated with a large momentum 6 — I have suggested that the 

domain of the elementary partides has to be considered from the standpoint of 
momentum space in which a non-liuear geometiy with small curvature reigns 
This idea, which I l»ve called the ' pnnaple of reciprocity' is based 
on the fact that m quantum mechames space-time and momentum-energy 
are symmetncally related by commutation rules of the form 
(3) - * [*, p] ^xp -px tk 

so that we can either take the x as ‘ diagonal ’ (c-numbers, according to 

Dirac's expression) and the p as the operators - or, vtce-versa, the p 

t vX 

% b 

as * diagonal' and the xas — ^ ^ Taking the p space as one of constant 

curvature (radius h) I have shown* that a number of facts concerning the 
elementary partides can be related to one another in a rational fashion 

* Heitler and Bhabba, Prw Boy 8oe, Zondon, (A), tSM, 16S^ 4S2 

* This fact was commualeatad to me tn a letter from Dr W Heitler whom I liave 
to thank for this interestiaf remark 

* M Bom, Proc Boy 8oc, Lonim, (A), 1088. tm, 201 { 100 . 652 
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I wish to corroborate these results by a formal but rather impressive 
argument 

If ^ IS a scalar function of space time [k == 1, 2, 3, 4) then is 
a covanant vector But if <l>j^ are the components of a covariant vector, 
IS not a tensor, one has to form the covanant denvative* 


(4) I -- /w 

which IS a covanant tensor of the second rank The /Jj are the coefficients 
of affine connection, symmetneal in the lower indices, they can also be 
defined with the help of the process of parallel displacement of a vector 

We combine this conception of relativity with the operator method of 
quantum mechanics We introduce the symbol 

(») 6 =j ii, 

which, in usual quantum theory, is the momentum operator if the units are 
chosen so that A — 1 We have the identity 

(6) -Si 

The formula (4) shows that for particles beloi^ng to a vectonal wave func¬ 
tion, cannot be considered as> representing momentum since (i is not 
a covanant tensor We have to form the operator 

(7) 

then Pm ^ tensor The quantities (7) can be considered as the mixed 
components 7 of a tensor operator which can be abbreviated as Pt, the 
four Pi {k — 1, 2, 3, 4) form a vector, namely the momentum of the particle 
having a vector wave function The product of two momentum compo¬ 
nents is defined by 

(8) iPiPi): -‘P7„Pfn 

The pn do not commute among themselves, one finds for the commutator 

(9) \Pi. Pi\7 - />?« Pi, - PTc Pi, =- PT.. 

where 

(10) IT,. - (rs Si - Si rti - (rj-. Si - rg.) 

irn-rru It 

If one uses here the definition (5) of Si, one can wnte this 

(11) I'S. = * (^5 - + /r« /?. - rt rr. 

which n. (to the factor t in the first term) the defimtion of the curvature 


* uHe Kinstem’s summation rule if a suffix appears twite, once in an upper, 
once in a lower position, one has to sum over it 
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tensor of 4th rank But if we understand by the tensor 8” we can 
write (10) shortly 

(12) p« = I {[f^, r, ] - [(„ A] - [A, A]} 

This derivation of the curvature by commuting the process of covenant 
differentiation (or parallel displacement) is, of course, wdU known I only 
wish to stress the point that there may be a quantum mechamcal inter¬ 
pretation of it which leads to a generahsation of the accepted theories In 
any case, (9) shows that for particles with vectorial wave functions the 
commutability of the components of momentum (which is generally assumed 
to hold) is not evident at all, but depends on the eudidicity of space 

Exactly the same holds for spinor wave functions The general mvan- 
ant theory of spinors has been developed by Infeld and van der Waarden^* 
and by Ruse,^^ and it is not difficult to apply similar considerations to it 
But 1 shall not go into it here as the formalism needs some lengthy expla¬ 
nations On the other hand, I have to stress the point that we know for 
certain that the wave functions of electrons and proton-neutrons have the 
spinor character, we are, therefore, compelled to give up the commutabihty 
of the (covariant) momenta and to introduce the notion of curvature in the 
quantum forraahsm 

I shall now consider the matter from the standpoint of reciprocity 
If we start from the commutation law (6) connecting the and we can 

satisfy it not only by [as we did above, equation (6)], but just 

as well by ~ ^ operating in the f-space The 

postulate of reciprocity says that there must be a domain of physics where 
point transformations in the ^-space are permitted which induce hnear 
transformations of the x* (just as in the usual relativity theory the x-space 
can be subject to arbitrary point transformations which induce hnear trans¬ 
formations in the ^space) Then we would have to form operators analogous 
to (7), namely 

(13) 

for which IS a tensor in the ^-space, being the result of covanant 

differentiation of ^ {€) with respect to (jt From the standpomt of the 
x-space the q* are ' covariant co-ordinates', or * multiphcation' operators 


u L Infeld and B. L. van der Waardon, SUtungelnr d Pmu$ Akad, d Wise 
Phy* •nudh. Kl, 1083, p 880 

U H 8. Ruae, Proe Soy 8oe Ed%nburffh, 1087, 67, 07 
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Then one can form the commutators of the g* analogoudy to (9) 

(14) [q^q‘] -Q" 

where Qi!" are curvature components m the ^-space, constructed from the 
X* and in a way corresponding to (13) Finally one can commute the 
p/i and q‘ and find 

(15) [/>^. =- Ri 

where the R^'i, are mixed quantities depending simultaneously on the 
ii, r, and r*, A' 

The Ri have, of course, to reduce to ASK for the limiting case of the 
usual theorj' 

If we now remark that A — aft where a is an absolute length and b an 
absolute momentum, we sec that our considerations open the possibihty of 
introducing not only the product ab = A in the theory, but a and h separately 
For the quantity 7^ in (7) has evidently the dimension a“* =■ hh, and 
AiJ in (13) has the dimension a Any covanant commutation rules for 
operators applied to vector or spinor wave functions will therefore contain 
the two constants a or 6 (or one of them and A) These commutation laws 
may also be interpreted, as we have seen, as laws determimng the curvature 
of space (AT-spate or /(-space) I shall not make any attempt here to formu¬ 
late these laws, as we have hardly any experimental knowledge about the 
domain of physics where modifications of the accepted laws must be expected 
I only wish to stress the point that if it is possible to describe sub-atomic 
phenomena in geometrical terms the curi'ature equation should contain 
solely the constants a and 6 (or a and A) but not the gravitational constant, 
as gravitation is evidently a macroscopic effect of large accumulations of 
neutral matter 



RAMAN SPECTRA AND MOLECULAR CONFIGURA- 
TIONS OF SOLID ETHYLENE DIHALIDES. 


By San-ichiro Mizushima and YonSzo Morino 

(From thr Chemwal Institute, Faculty of Setetute, Tokyo Impenat Vnirermiy ) 

The conspicuous difference between the Raman spectra of ethylene dihahdes 
m the liquid and solid states was explained by us as due to the considerable 
change of intramolecular configuration upon sohdificatiou * Below the 

r 

freezing point, the molecules are almost all in the tra -state CH^—CH| 

/ 

X 

(Symmetry Cg^), while in the liquid state or in solutions the mean internal 
state shows a considerable deviation from this stable position 

As the problem is concerned with one of the fundamental principles of 
stereochemistry, i e, the principle of free rotation around a carbon single 
bond, we earned out more detailed studies on the Raman spectra of these 
substances, the result of which will be given m the present paper 

ExpertmerUal 

A spectrograph of high lumino.ity was constructed with three 60® 
pnsms (7 cm x 13 cm ) and two achromatic lenses (diameter ~ 8 cm . focal 
length s= 40 cm ) This gave a dispersion of 10 A per mm at 4000 A As 
filters, we used aqueous solution of sodium mtnte and dilute and con¬ 
centrated solutions of iodine in carbon tetrachlonde The Raman tube was 
kept immersed in petroleum ether cooled by liquid air or by carbon dioxide 
and contained m a transparent Dewar vessel The readmgs of temperature 
were made with two thermojunctions, one of them being placed in the Raman 
tube and the other just outside 

The results of our measurements are shown in the following tables, in 
which there is listed for each observed Ime first, its frequency in cm , 
second in parenthesis, its intensity as obtained by visual estimation, third, 
the mercury hues exciting it The letter h following the number indicating 
the intensity signifies a broad hne and v in the columns of the sokd spectra 
means the disappearance of the corresponding hquid line undoubtedly estab- 
hshed in the accuracy of the present eiqienment 

* Misuahima, Monno and Xoslri, 8n Paper*, Inet Phye Chem Beeearrh (Tokyo), 
1930, IB, 03 and 188. 

* Mtsushima, Morino and Kabo, Phyelk /, 1937. 88, 469 
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Table I 


Raman Spectra of 


Solid (ra — 140' (’ ) 

1 

Solid {ca — 40® C ) 

Liquid 

53 (4) k j. 

74 (6) k ± 

\ 

V 

66 (4 b) k ± 

V 

V 

125 (6 b) e :i:, k ± 

265 (5) e , k, 1 

303 (5) 0, k 

V 

V 

A 

302 (6) e, k 

V 

V 

V 

300 (8) e ±, k, 1 

411 (5) e i;, k, 1 

654 (8) 6:1, k, 1, f 

677 (6 b) e ±, k, 1 

748 (10) *•, k, 1, f, g 

V 

V 

760 (10) e, k, i, f 

V 

V 

764 (10 b) P ±, k, 1 

881 (4) e, k 

943 (6) p, fk] 

090 (3) e, k 

992 (3) G, k 

989 (2) p, k 

1031 (2) e, k 

1068 (2) G, k 

V 

1069 (3) G, k 

V 

1062(4) p,k 

1148 (3) p, k 

1207 (6) e, k 

1264 (21 c,k 

1265 (2 b)p,k 

1264 (3) p, k 

1298 (3) Pjk") 

1312(1) c,kj 

1301 (6 b) e, k 

V 

1304 (6) P, k 

1393 (1) P, k 

1429 (6) e, k 

1437 (2) G,kl 

1456 (2) G.kJ 

1448 (2b)G,k 

1446 (4 b) e,k 

2844 (3) e, k 

2870 (2) k 

2874 (3) G,k,i 

2874 (4) p, k 

2966 (10) p, k, i, q, p, o 

2964 (10)G,k,i 

2967 (10) e,k,i 

3012(6) o,k,q 

3006 (6) o,k,i 

3006 (8 b) e, k, i 
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Ramm Spectra of Solid Ethylene Dihaltdes 
TABtS II 

Raman Spectra of CJUifirt 


Solid state (ca 40® 0 ) 

Solid state (0° C ) 

Liquid state 

41 (4) k 

63 (3) k ± 

49 (3b) k ± 


V 

V 

91 (2b) e -t, k ± 

132 (2) e 

187 (7) e ±,k + 

190 (7) e,k + 

190 (10) c + ,k ± 

V 

V 

231 (3) e 



325 (1) e 

V 

V 

365 (5) e, k 

469(1) e,k 

V 

V 

661(8) e±,k.i,f 

V ‘ 

V 

683 (6 b) e ±, k, 1 

666 (10) e, k, 1, f, g 

657 (10) e, k, i, f 

660 (10 b)e±,k,l 

836 (2) 0 



899 (3) e, k 

933 (0) k 

934 (1) k 

933 (2) 0, k 

997 (0) e 



1019(1) e,k 

1057 (6) e, k, i 

1056 (5) e, k 

1053 (9) e, k, 1 

1167 (1) e 


1169 (3) e, k 

1264 (8) e, k, i 

1260 (8 b) e,k 

1266 (]0b)e,k 

V 

V 

1276 (3) e, k 

V 

b 

1419 (3) e, k 

1436 (3) re],k 

1438 (3) [e],k 

1440(5) e,k 

2848 (2) e,k 

2857 (3) e, k 

2869 (4) e, k 

V 

V 

2953 (8) e, k, i 

2968 (8) e,k,i 

2966 (10) e, k, i 

2972 (10) 6,k,i 

3020(2) e,[k] 

3013(6) e,k,i 

3013 (4 b) e,[k] 
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The disappearance of some of the hqmd lines in the sdhd spectrum, 
which was the most important result of our previous experiment, acqmred 
further confirmation by the more accurate measurement of the present 
experiment eg.m the solid spectrum (see Plate VIII) we could observe dis¬ 
tinctly the Raman lines excited by Hg-f and Hg-g, which correspond to the 
symmetric C X vibrations* (748 cm for C(H4C1( and 666 cm“* for 
CsH 4 Br.), but cou’d find no trace of strong liqmd lines to be found in thar 
vicinity even by Ilg-e excitation (654 cm for C{H 4 CI] and 561 cm for 
0*1141114) 

In the region of the unmodified hne there were observed fairly intense 
Raman lines both as Stokes and as anti-Stokes which are characteristic of 
the solid spectra (see Tables I and II) These low frequency hnes show qmte 
different behaviours between the spectra observed at two different tempera¬ 
tures, one above the transition point and the other below it (A thermal 
transition of CSH4CI2 was found by us* at — 65° C and that of CtH 4 Brs by 
White and Morgan* at - 24" C ) Por each of the two ethylene dihalides we 
obtained only one diffuse line at higher temperature, while two sharp and 
fairly intense lines appeared at lower temperature* (see Plate IX ) As to 
the other Raman lines of the solid spectra we found no appreciable change 
on passing through the transition pomt except small frequency shifts 
observed for some hues (see Table IV) 

We studied also the isotopic effect on the Raman hnes of ethylene 
dibromide Using 99 0 per cent DiO, we prepared heavy ethylene dibro- 
mide BiDjC—CDjBr according to the three following reactions 
CaCj + 2DjO -- CjD* -I- Ca (OD)„ 

4D,0 -I- 6Br + P = D,P 04 + 6DBr, 

CjD, -t- 2DBr = C,D 4 Br, 

The third reaction was effected by passing the reactants over mercunc 
bromide on asbestos maintained at 120° C * The sample thus obtamed 
was purified by redistillation We prepared C|(l 4 Br, also in the same way 

■* Mirushima and MnimQ, Sci Piipfru, Jnat Phy» Chew Remtreh (Tokffo), 1034, 

B6, 1 

• To be |>ub1i8liul shoHlv 

• White and Moiiian, J Ckrm Phyn , 1087, i, fl6B 

• Nirkoi and dupta (/«rf J Phya , I93M, 12^ 86) have recently obeeived only one 
hne of the frequency of 80 cm for solid ethylene dicldoride at the temperature of 
liquid oxyaen It there i« no transihon point between this temperature and — 140* C, 
this line would correspond to the unresolved doublet of the frequences 68 cm “* and 
74 cm 

’ Wibaut, Her trav ahim , 1081, 50, StS 
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in order to prove by the observation of Raman spectrum that the reaction 
product consists almost entirely of ethylene dibromide contaminated with 
a smaH amount of ethyhdene bromide Thus we can safely treat the iso¬ 
topic shifts of the strong hnes corresponding to the totally symmetric vibra¬ 
tions of the /rans-conhguration (see Table III) 

Dtscusston 

As IS well known the ordinary stereochemical formula for an organic 
molecule does not specify the molecular configuration with regard to the 
internal rotation around a C—C single bond, and it was for some time 
supposed that such an intramolecular rotation was completely free The 
experimental results of dipole measurements* * >* “ and X-ray scatter¬ 

ing,“ however, showed that all the intramolecular rotational states are not 
equally probable, the most stable position corresponding to tht /raws-state 
with the symmetry of According to the result of our intensity lueasure- 
ment“ carried out together with dipole measurement, the intensity ratio 
I (vi)/I(v,) of the two strong lines v, and v, = 654 cm -* and v* — 764 
cm for C}H 4 C 1 s, vi — 661 cm * and — 660 cm for CaH^Br,) decreases 
as the mean intramolecular state approaches to the /rans-position Now 
that vi disappeared completely m the solid spectrum, we expect that practi¬ 
cally all the molecules in the solid state assume the /rans-configuration 
(It IS evident from Tables I and II that the thermal transitions have nothing 
to do with the molecular configuration ) That such is actually the case was 
shown by our calculation* of chain frequenaes, t e , the normal frequenaes 
of X—CH,—CHi—X as four-body system The three low frequency lines 
observed in the solid state (302, 760 and 1059 cm for CtH 4 Cla and 190, 657, 
and 1056 cm ^ for C|H 4 Br|) are thus assigned to the normal vibrations of 
the cham with respect to the centre of symmetry Taking into account 
the motioas of hydrogen atom, one of us** has recently calculated all the 
eighteen normal frequencies of the molecule of ethylene dihalide and showed 
that the high frequency lines observed in the sohd spectrum correspond also 
to the normal vibrations symmetric with respect to the centre of symmetry 


* Meyer, Z Phya Chew , 1940, Bl, 27 

* Hmyth, Domte and Wilaon, J Am Chem 8oe., 1031, SS* 4242 

** Zohn. Phya Bm . 1031, 88, <521 

** Qreone and WtUiame, Ond , 1032, 48, 110 
** Misuahima and HigasI, Proe Imp Acad , Tokyo, 1082, 9, 482 
** MiBiuhiniB. Morino and Higasi, Phymk, Z., 1934, 80^ 006, Set Pupera, Inat. 
Pkya Cham Boaaareh (Tokyo), 1084, 88^ 160 
u Kfarbardt, Phyaik. Z., 1982, 88i 006 
**‘Morino, Bull Cham Soe, Jopam, 1088, 18t 180. 
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As a further confirmation of our conclusion, we studied the isotopic 
shifts of the Raman hues of ethylene dibromide corresponding to the 
totally symmetric vibrations of the irans-ioim (Symmetry Ci^) The 
assignment of such lines was made from our calculation of normal vibrations 
and from the spectral features (see Table HI) 

Table in 

Raman Ltnes of BrH^C —CHJir and BrDJO - CDfBr Correspondtng to 
the Totally Symmetric Vibrations of the Trans-r onfiguratton 




Frequency 

(cm 

Intensity 

Frequency 
(cm - >) 

Intenwiv 

190 

9 

188 

6 

000 

10 

606 

10 

1053 

4 

906 

2 

1255 

6 

990 

7 

1440 

2 b 

1153 

3 b 

2972 

5 

2182 

4 


It was shown by Redhch” and Teller” that for the vibrations of the 
same symmetry class the ratio of the frequency products of two isotopically 
related molecules can be calculated with no knowledge of the force system, 
nor indeed of any factor except the geometry of the molecule and masses 
involved Their equation apphed to the present case becomes 

/VMdV'Ih 

nvD V VMh,/ Id 

where Mh and Mu denote respectively, the atomic masses of hydrogen and 
deutenum and and the moments of inertia of C,H«Br, and CiD 4 Br, 
molecules about the symmetry axis C,* The evaluation of the left-hand 
side with the expenmental values in Table III gives 2 76 and that of the 
nght-hand side with the molecular constants, C - H ■« C — D = 1 *08 A, 
C — Br * 1 93 A, C — C = 1 56 A, and valency angle =» 109® 28 ’, gives 2*82 

>* KedUch, Z Phytt Chem, 1996, B », 371 
« Quoted by Ingold and oo-workow, Nature, 1986, 18S, 1038. 
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The agreement between these two values is satisfactory, which not only justifies 
the above assignment but also affords another confirmation of our condusion 
that the molecule of solid ethylene dihahde is nearly m a pure /ra»s-state 
l/et us now discuss the Raman Imes observed m the vicimty of the 
unmodified hne Accordii^ to our calculation none of the normal vibrations 
of the ethylene dihalide molecules can have such a low frequency except the 
intramolecular rotatory oscillation, which is antisymmetnc with respect to 
the centre of symmetry of the trans-form and is forbidden in the sohd 
spectrum It is, therefore, very probable that these low frequency lines 
correspond to some motions of a molecule as a whole in the crystal lattice,, 
e g , lattice vibration, and the observed dbange eff the behaviour of these hnes 
IS caused at the transition point (— 65° for CiH^Qa and — 24° for CjH^Br,) 

It is generally beheved that many thermal transitions are caused by liie 
setting-in of molecular rotation in the crystal lattice, for which raiding** first 
gave a theoretical treatment The transitions of ethylene dihalides cannot, 
however, correspond to the onset of three-dimensional molecular rotation 
in the crystal lattice, as can easdy be seen from the following discussion 
We have already stated that below the freezing point practically all the 
molecules of ethylene dihalides assume the /rans-form and the thermal transi¬ 
tions have no effect on this molecular configuration This must be explamed 
in terms of crystal forces Such a specific effect of these forces in fixing the 
shape of a molecule should not be expected, if it were rotating about three 
axes Taking into account our former result m Raman measurement. White 
and Morgan* explained the thermal transition of ethylene dibromide observed 
by them as due to the onset of molecular rotation about only one axis, 
11 , that of the zigzag Br—C—C—Br chain Rotation about this axis does 
not contradict the existence of the said crystal forces which keep the molecule 
of the solid in a nearly pure trans-st&te and it would not require a large 
amount of energy which is consistent with the small value of heat of transi¬ 
tion estimated by White and Morgan The thermal transition of ethylene 
dichlonde can be treated qmte similarly, the heat of transition estimated in 
our measurement* being also very small as compared with the heat of fusion 
The commencement of sudi a molecular rotation necessardy causes a change 
in the molecular field in the crystal lattice which affects the value of force 
constant and consequently the frequency of normal vibration The small 
frequency shifts observed for some of the hnes of sohd ethylene dihalides 
(Table IV) might be mterpreted as due to such a change in the molecular 
field on passing through the transition pomt That we found no appreciable 
change in frequency for these lines on fusion would then be of particular 


11 hauling, Phyt, Bm> , 1080, 84t 480 , aae also Smyth, Ckmn. Bm , 1080, 18^ 320. 
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interest when we consider that the molecules are rotating in the hqiiid state 
as well as in the solid state above the transition ixnnt 

Tabu-: I\ 

Frequency Changes in Some of the High Frequency Lines of Ethylene 

Dthaltdes 




,1 


Solid 


Liquid 

Solid 


Liquid 

1 

(1 - 140“ 0 

f*a 

- WV 

m 40“ r 

ra 

- 

2870 


2870 

i 

2874 1 

2848 


2857 

2859 

3012 


3005 

8004 

3020 


3013 

3013 


The measurement of Raman spectra at intermediate temperatures is 
in progress iii order to confirm that the change of low frequency hues is 
caused at the transition point observed in the thermal measurement 

We thank Prof M Katayami for his kind advice Our thanks ate 
also due to Nippon Gakujutsu-Shinkokai and Hatton Hokokai for grants 
m aid of this research 

Summary 

The disappearance of many Raman hnes of ethylene dihalides on 
solidification, which was the most important result of our previous ezpen- 
ment, acquired further confirmation by the more accurate measurement at 
the present expenment It was shown by the calculation of normal vibra¬ 
tions as well as by the study of isotopic effect that practically all the mole¬ 
cules of solid ethylene dihalides assume the Irans-totm If, therefore, the 
thermal transitions observed for these sohds (—for CtH 4 Gt and 
— 24” C for CsHiBri) are caused by the onset of molecular rotation, this 
must take place about only one axis, t e , that of the zigzag X-C-C-X chain 
vSuch a rotation in one dimension does not contradict the existence of the 
crystal forces which keep the molecule of the sohd m a nearly pure trans- 
state and IS consistent with the small valnes of heat of transition estunated 
in thermal measurements 












STUDIEN ZUM RAMAN-EFFEKT. 

Mitteilung XC. Parasubstituiertes Acetophenon. 

Von 1/ Kahovec tjnd J Wagner 

(175, HiittUuvg (lue dem phyaikaliarhen fmtlttul der Tetknuuchrn Ilwhsehuh (irax ) 

(Mlt 2 Fig^urea im Text ) 

Von den Spektren der m Para-Stellut^ snbstitmeiten Acetophenone 
X CeHi'CO'CHjist.soweit wir wissen, bisher nur das des Oxy-acctophenons 
mit X ’’‘‘OH beobachtet worden Im folgenden teilen wir die Resultate 
nut, die an den Denvaten mit X = NHa, OH, OCH,. CHa, G, Br erhalten 
warden Im 1 Teil werden die Messungs-Ergebrnsse zusammgcstellt, im 
zweiten Ted folgt erne kurze Diskussion 

I Messungs-Ergebntsse 

Zu den Raman-Aofnahmen wutden fur fltissige oder gcschmolzene 
Substanzen die seit vielen Jahren hier im Betneb stehende " Normal-Appa- 
ratur ”, fdr knstall-Pulver die beiden a a O beschnebencn^ “ Festkorper- 
Apparaturen ” Fi (” Reflexions-Methode ”, Erregung durch Hg e) und Fa 
{Gerlach's Methode der komplementaren Filter m Ananthaknshnan’s Ausftih- 
rung, Enegung durch Hg k) verwendet Bei den folgenden Angaben 
bedeutet t = Expositionszeit in Stunden , m F = mit Chinosol-Fdter (Unter- 
druckung des Erregerhchtes mit A < 4358). m F C = nut Natnummtnt- 
Fdter zur Unterdrhckung von A < 4047, o F = ohne FUter, v = Aufnahms- 
Temperatur, n a Zahl der Streuhnien, aus deneu das Raman-Spektrum 
abgeleitet wurde. In letzterem sinol neben der Angabe fdr die Frequenz 
in cm zuerst in Elammern die relative (geschatzte) Euuen-Intensit&t, 
dann m der zweiten Klammer ]ene Hg-Enuen, angefuhrt die als Erreger- 
frequenz wirkten , fehlt diesbezhglich erne Angabe, dann kam nur Hge als 
Brregerlmie vor 

(1) ^Amtno-aeelophmon HjN CfHa CO ‘CHa (Fraenkel-Eandau) —^Zwei> 
malige Sublimation bei 0,01 mm Druck und Eufttiad-Temperatur 120-140'’, 
Fp 106 2° (Eit 100°) Bisherige Beobachtung Keine Aufnahme an der 
in Ha eingesdunolzenen Substanz PI Nr 2734, mF, t»8, vs: 114°, 
Verfilrbung nach tiefem Gelb. Aufnahme am Knstallpulver PI Fj 363 
bezw Fi 864, t 8 bezw 24 Der Frequenzbereich unter 460 wurde mcht 
exfasst, emerseits wegen Gelbfftrbung, andorerseits wegen Ueberdeckung 


1 yei|;l etwa L Kahovec, K. W, F Kohlnuwch, A W. Reitz, J. Watfoer. 
Z. pkiinkm Chem., 1088, 88 , 481 
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A I- - 482 ( 2 ), 568 ( 2 ), 633 ( 1 ). 692 824 (3), 846 ( 6 ), 893 ( 00 ), 961 (4). 

1069 ( 8 ), 1173 (7), 1275 ( 6 ), 1301 (4). 1448(0). 1512 (0) (e >). 1563 (7), 

1591 (10b), 1646 (5) 

( 2 ) \i~Oxy-acetophenon HO CsH, CO CHs (Fraenkel-I^andau) Zwei- 
itialige D’stillatioii im vakuum (0,006 mm 150-160° I^uftbad-Temperatur) 
I’p 110 111° (Lit 109°) Bishcnge Beobachtung Bomno-Manzont-Rotta * 
Aufnahme am Knstallpulver Fj 367, I — 24 , F* 103 und 104, t — 24 und 
48 Aufnahme an der neuerlicli zweimal destillierten und in Hj-Atmos- 
phare emgcschmokenen Substanz, die sich bei fiehchtung m F stark nach 
gelb vcrfarbt Pi 2750, m F t -= 10. r =- 128° 

A V = 232 ( 0 ) (e), 282 ( 0 ) (e), 318 ( 00 ) (c) , 427 (4) (e), 486 (lb) (k, e) 

572 (ib) (e) , 636 (3b) (k, e) . 688 (2) (k. e) . 840 ( 6 ) (k, i, e) . 960 (4) 

(k, f, c) , 1074 (7b) (k, f. c) , 1117 (4) (k. e) . 1164 ( 6 ) (k. i. e) , 1218 (3b) (k. e) , 

1272 (7) (k, e) . 1372 ( 00 ) (c), 1435 (4) (k. e) , 1512 (J) (k. e), 1676 ( 8 ) (k. e) , 
1600 ( 8 ) (k, e) , 1655 (7b) (t) , 2923 (4) (k) , 3070 (2) (k) , 3300 ( 2 b) (k) — 

Bezughch der Hauptlimen gute Ueberemstimmung mit den Angaben 
der itahemschen Autoren 

(3) i>-Methovy-acciophenon HjC CO CH* (Fraenkel-Ivandau) 

Zweimalige D-istiUation im Hochvakuum (0,005 mm 110-120° Luftbad- 
Temperatur) Fp 39° (Lit 39°) In HfAtmosphare eingeschmolzen 
Bishengc Beobachtung Kerne Aufnahme an der geschmolzenen Substanz 
PI 2542 und 2543, m F , t =- 6 und 8 , v -- 48° , Ugd m , Sp st, PI 2644, 
m F C, t - 7, »» = 48°, rasche Verfarbung nach gelb, Ugd s s st , n «■ 68 

A»- -= 175 ( 1 ) (e) . 278 (3) (1 e), 297 (3) (k. e). 339 (1) (e), 607 (1) 
(4 c. c) , 680 (2) (^ e, c) . 628 (4) (k. ± e. c). 679 (2) (k, ± e). 726 (2) 
(k. i e), 804 ( 8 ) (k. e. c) , 833 (1) (e), 967 (5) (k, f, e), 1005 (2) (k. e), 
1078 (10) (k, .1 e, c), 1171 ( 8 ) (k. i, f, i e). 1252 ( 8 ) (k, i, e), 1268 ( 8 ) (e), 
1310 (4) (k, e) , 1356 (4) (k.e) , 1416 (2) (e) , 1450 (1) (k, e), 1607 (1) (e). 1677 
(4) (e) , 1699 (15) (k,f,e) , 1670 di- 7 (12b) (e), 2840 ( 0 ) (e), 2873 (3) (e ?), 
2933 (3) (e) , 2964 (00) (e) . 3013 (1) (e), 3072 (3) (e). 3196 (0) (e >) — 

(4) li-Melhyl-acetophenon HaC CaH* CO CHa (Fraenkd-Landau) —Drei- 

raaligc Vakuum-Destillation Kp,, 97 6-98° Lit kp „ 94“ Bishenge 

Beobachtung Kerne PI 2546, m F, t = 8 , Ugd s , Sp sst, Pi 2649, m F C, 
Sp 0,04, t — 7, Ugs sst, Sp st, Verfarbung nach gelb n -= 69 

A V - 268 (4b) (k, ± e) . 346 ( 2 ) (e .t), 462 (4) (e), 577 (4) (e), 633 (4) 
(k.e, c) , 670(1) (e) . 711 (1) (e), 803 (5) (k. i. f, e, c) ,814 (2) (k.e), 956 (2) 
(k, e), 1071 ( 6 ) (k, f, e), 1121 (0) (k. e), 1182 (4) (k, e), 1210(4) (k.e). 1266 


* tl B Bonino, B Mtuizoni-Anaidoi, M. RoQii, La Rieerco Settai, VIlI/2, Nr, 6/0. 
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(6)(k,e), (1310) (i) (k, e) , 1380 (3) (k,c) . 1435 (I) (k.e). 1504 (3) (k e). 
1606 (15) (k,e), 1677 ± 8 (10b) (e) . 2838 (2) (k >) , 2918 (6) (q.p,k.c) , 2974 
(1) (k, e) . 3009 (1) (e) , 3067 (4) k, e) — 

(5) p-f hlor-acetophenon Cl C#!!* CO CH, (rraenkel-Iyan(lau)-Dreimalige 
Vakuum-DestiUatiou KpiillS", Kp^gy 232° (lyil 232°) Bislienge Beoba- 
clitung Keine PI 2722, m I' , »Sp 0,06, t - 8 (uberexponiert) , PI 2723 und 
2724, m r , Sp 0,04, t =- 7 und 3.5, PI 2725, m P C , vSp 0,04, t ^ 2. 5. 
Verfarbung n — 56 

A V = 258 (4b) (k, i, j e) , 308 (3) (k. f, i- e. c) , 397 (00) (e) , 446 (00) 
( ), 523 (1) (e, c) , 580 (1) (e), 628 (5) (k. i. f, c. c), 665 (I) (e), 764 (8) (k, g, f. 
i e, c) , 956 (5) (k, i, g, f, e) , 1071 (8) (k, f. e) , 1093 (5) (k, i, e) . 1176 (1) 
(k, i,e), 1261 (7) (k, f. e) , 1400 (lb) (k,c), (1422 (0) (e ?) . 1486 (lb) (e) , 

1689 (10b) (k, f, e) , 1684 J- 12^ (10b) (e) , 2924 (3) (k. e) , 3072 (6) (k.e) 

(6) x>-Brom-acetoplienon Br CgHgCOCH, (P'raeukcl-Iyandau) Zwei- 

malige Distillation ini Hoch\akuiira (0,015 mm 100-110° Tcmpctatur des 
lyUft-badcr) , I'p 50° (I<it Fp 64°) Bishengc Beobachtung Keiuc Auf- 
nahme an dcr in Atmosphare in das Raman rohr eii^esclimolzcnen Subs- 
tanz die sich bei Belichtung o !•' rasch zicgelrot farbt PI Nr 2706, m F, 
t -= 8 , PI 2707, m F C , t - 3, v -- 64° . n = 29 

A V - 148 (i) (e) , 158 (4) (e) , 346 (6) (e), 434 (00) (e). 497 (0) (e) , 

579 (i )(e), 826 (3) (e), 708 (ib) (e). 748 (5) (e) , 815 (00) (e). 958 (2) (e). 
1068 (8) (k, f. c) . 1105 (4) (e) , 1176 (4) (k, e) , 1262 (4) (k. e) , 1352 (0) (e) , 

1397 (i) (e), 1484 (i) (e), 1584 (7b) (k. f, e). 1685 (7b) (f, e) , 2920 (1) e) — 

II Dtskusston der Ergebnnse 
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[A) Zunachst lasst sicli nach den fvir die Spektreu von Para-Denvaten 
X C*H4 Y abgcleiteten empmschen Regdr? cine bereits recht weitgehende 
Erwartung fur die Frequenz Verteilung m den Spektren der Fig 1 ablaten 
Und zwar 

(rt) lyagenkonstante uud von den Substitucnten X und Y fast 
unabh'ingige Frequenzcn sollteu sich bei A v ^ 630, 1170, 1590, 3070 eins- 
tellen Gefunden wurde fur Y == CO CH» und 


mu 

0M(1) 

inj (7) 

1501 (lOb) 

ftihl 

on 

03U(3b) 

1164(H) 

1600 (8) 

3070 (2) 

(KHa 

»28 (4) 

1171 (8) 

1599 (15) 

3072 (3) 

Ollg 

b‘U (4) 

U82 (4) 

1606(15) 

:i0tt7 (4) 

(I 

(.28 (o) 

1170 (4) 

1589 (10b) 

3072 (6) 

Hr 

()20 ({) 

}17(> (4) 

l'i84 (7b) 

fehlt 


Die zAigehongeu Einieii wurden in Fig 1 dutch Ringelung 0 gekennzeudinet 
(h) In alien Para Derivaten mit konstantem Y und vanterendem X 
smd fur die Bmduiig C X charaktenstische Frequenzen zu mrarten deren 
Werte aus den Spektren von X CgH* zu eutnehmen smd, und zwar 

{ur X NHj OH OC'H, (’Hj Cl Br .T 

rrwartet 127(1 t2jj 1244 1209 1070 1068 1065 

In 1<ig 1 - 1275 (()) 1272(7*) 1252 (8) 1210(4) 1093(5) 1008(8) 

Sie werdeii bei Kohlransch mit “ e ” bezeichnet und smd m Fig 1 ebenso 
wie die zu einem komplexen Substitucnten X gehongen " Inneien Onippen- 
Fre(][uenzen" durch cmen Stern keimtlich gemacht Itmere Frequenzen 
smd 

fur NHj zwei (mcht beobaclitete) v (NH)-Frequenzen um 3360 
fur OH erne v (OH)-Frequenz lie 3,300 

fur* OCH, erne zur Schwingung O (CH) gehonge Ernie bei 1006 (2) 
und die 

CH-Frequcnzeii bci 1310 (4), 1460 (1), 2840 (0), 3013 (1) 

fur* CH, die CH-Frequenzen 1380 (3), 1450 (fehlt bier), 2728 (fehlt), 
2862 (fehlt). 2918 (6), 3009 (1) 

(c) Alle para-Derivatc mit dem Subst$tuenten Y CO CH^ mdssen 
welters gewisse emerseits fur die Bindung C—(CO CH,), andererseits fiir die 

* Vorgl K \\ K Kolilraunch Phyaikitl Z, 1»*J0, 87, 58 

♦ Vergl V \\ Ueitz, (li Prinz YiMilonti, Mo«i«(«r5<;fre/ C'Amn , 1086, 00^ 290 

» Vfigl K W P Kohliauscli, A Pongratr, tbid, 1934, 8>i, 0 
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mneren Schwingungen der Gruppe CO CH, ch iraktenstische Frequenzen 
aufweisen, die (ebenso wie itn vorhergeheuden, den Substituenten X behan- 
delnden Abschnitt) aus dem Spektr >iu des mcht substitoierten Acetophenon's 
(Nr 1 in Fig 1 ) etwa durch Vergleich nut den Spektren von Benzaldehyd, 
Benzoesdure, Benzoesdure-Kster, Benroylchlond abgeleitet werden konnen 
Es Sind dies die mit A gckennzeichneten I,inien mil den Frequenzen 

S (tH) bj (f o) V ((H) 


X H A V- 

R90 (2) 

9-10 w 

1071 (0) 

1207 (7; 

1*28(1) 

]»7S (I2I1; 2022 (lb) 2970 (00) 

X - NlTj 

SOS (2) 

99] (4) 

1000 (H) 

127) (9) 


HM5 (') folilt 

X OH 

o’:2 (i) 

900 (4) 

1074 (7b) 

1272 (7) 

ur.(j) 

10ri(7b) 2023(1) 

X = OCH* 

m (2) 

9’S7 (5) 

1078 (10) 

mn (9) 

14’■•(2) 

l'i70 (12b) 2923 (1) ;9li4 (00) 

\ - CHj 

r.77 (i) 

9W (2) 

1071 (B) 

1200 r») 

IU>(I) 

l(i77 (10b) 2918 («) 2974(1) 

\ -= 01 

ISO (t) 

950 {5) 

1071 («) 

12(51 (7) 

1422 10) 

1081 (lOb) 2924 13) 

\ Hr 

570(1) 

O'lft (2) 

10l>8 (8) 

1202(1) 


l(,Si(71>) 29’0(1) 


{d) Endlich 1 st die bei Kohlrausch nut " d ” bezeichnete Eime zu 
erwarten, deren Frequenzwert von X und Y abhangig ist, das heisst sie 
vaniert mit vanablem X, wobei die Starke des X-Emflusscs sowie die Absolut- 
werte der Frequenzen noch von Y abhangeu Sic licgt stets zwisclxen 600 
900 cm und entspneht den in diesem Frequetugebiet durch Punktie- 
rung rait einander verbundenen Eiraen dor Fig 1 

(e) Sieht man von dem weniger gut bekaunten Frequenzgebiet unter 
550 cm ab, so kann man also mit Hilfe dicser empmschen Rogeln das 
Spektnim von X C«Ht‘CO CH* fast zur Oanze und fast quantitativ vorher- 
sagen, wenn das Spektnim von H C*H 4 *CO CH* bekannt ist 

(B) Weniger leicht und gesichert -insbcsondere bei Fehlen systematischer 
Polansations-und Ultrarot-Messungen- ist die Zuordnung der Frequenzen 
zu den Schwingungsformen von para X C*H 4 *Y Ausgangspunkt fur die 
folgenden Ueberlegungen ist die aus Figur 1 herauszulesende Tatsache, daO 
zwei in etnem symmetnsch [mit X= YJ substitmeiten Paradcrivat rwar 
verbotene, m unsymmetftsch [mtt X Y] subsMuterUn Paradmvat aber 
erlaubte Ltnten in den Spektren 2 bis 7 der Fig 1 fehlen, Nimhch die 
Frequenzen A v '•» 1000 und 1025, die z B im Monoderivat Nr 1 kraftig 
auftreten I^imen mit den gleichen Frequenzwerten sollien, wie erne 
hler mcht wiedergcgcbene nahere Betrachtung des spektralen Ueberganges 
C 4 H*—►X C*H 4 Y zeigt, auch in />-X-C«H 4 *Y vorhanden sem DaO sie 
es mcht smd beweist, da 6 die durch die Verschiedenheit X Y hereiuge- 
tragene Unsymmetne die Auswahlregdn mindestens fur solche Sdiwmgungs- 
formen nidxt Sndert, deren Frequenzen von X und Y wenig oder gar mcht 
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abhangen Dieser Uni'stand ermutigt zu dem Versuch, als schwingendes 
Model! das webcntliUi enifacheTe des symmetnschen para-Danvates 
X CeH* X 7 u (Irundc /u Icgeii Die schematisierten ebenen Schwingungs- 
formcii der Kcttc dcssclben sjnd in I'lg 2 zusammen nut den Auswahlregelii 
wiedergegeben 



SLlifinitisanti' Foimv'n iloi thouen KHtcn-bch'^ingungen vonpaia X C* X 


Oelten die Auswahlrcgeln dcr Figur 2 ira wesentlichen auch fbr X Y, 
dann hat man sich zunachst nur urn die erlaubten Schwingungstypen Aj^ 
und der unteren Zeile zu kumuiern Die oben erwarteten, aber mcht 
bcobachteten P'rtquen/eii sind zugeliong zu ~ 1000, das auch uach der 
Modollrechung® und dem Modellversuch lagenkonstant ist, sowie zu 8 (CH) ~ 
1025, das 1 st einer Deformations-Schwingung der aromatischen Methingruppe 

\\ ir glauben folgende Zuordnung treffen zu konnen. 

I'rcqucnzgruppt (a) G30 -wj, 1170 — 8 (CH). 1590 =a*/ bezw oi* , 

3070 - K (CH) 

Fiequenzgruppe (b) soucit sie nicht " innere Schwtnguiigen *’ betreffen 
I,ime“e” — Wj, 

• Wral F Ti-dnklet, Vhytnkal Ztnihr, S7, .*138 
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Frequenzgruppe {c) soweit sie nidit " innere Schwingungen ** betreffen 
1265 

(Hier wird das Verbot wegen Mitschwmgens von X und Y aufgehoben 

Frequenzgruppe (d) l 4 me d " =<04 

Fur die Zuordnung der un tiefen Frequenzbereich zu erwartenden 
Deformations Frequenzen u)i und u>iq linden wir kerne Anhaltspunkte 

(C) Schhefllich mochten wir auf fol^endes vcrweisen Die CO-Frequenzen 
im Ammo-und Oxy-acetophenon hegen merklich tiefer als in alien andern 
Fallen, solche Abweichungen werdeii gerne’ als Assoziations-Anomahen 
gedeutet Der Vergleicli der Spektren von Fig 1 und die oben durchge- 
fuhrte, fur sie alle einheithche Analyse zeigt nun, daO es nur die CO-und 
wahrscheinlich nodi die OH -und NHa-Frequenzen smcl, die auf Assoziatioii 
deutlich ansprechen Das resthche Spektrum 1 st durcluus normal 


’ VergU z.B. h, Kabovoc, K. W. F Kohlrausch, Z phymkah Chtm , 1987, BSS, DO. 



STUDIEN ZUM RAMAN-EFFEKT. 

Mitteilung XCI Asymmetrisches Phthalyl-Chlorid. 

Von Kahovkc 

(170, Mittfilung aua dvm phynkaliarhen JnahUd (far Techntacheri Hoekackuie Ortas ) 

(Mit 1 Figur im Text) 

IM Ramanspektruni des Phthalsiure-chlondes I wurden^ dm CO-Frequetuen 
gefunden, und zwar 1736 (6), 1788 (6), 1844 (2) In Analogic zum Befund 
an Phthalsaure-Dimsthylester wurde vermutet, daO die hochste Frequenz 
A r “ 1844 zur asyrametnschen Molektllform II gehore, Kahovec-Kohlrausch* 
interjjretierten welter A v = 1788 als zur Noimalfonn I g^ong, wShrend 
At' = 1736 von der CO-Gruppe dimerer, durch Assoziation (Ausbildung von 
Wasserstoff-Brucken) cntstandener Molekule stammen solle 

1 n 



syirmelrische Pcnti atfjmmetriache Foim 


In der zuletzt genannteu Arbeit wurde auch uber emen vorl&uiigen 
Versuch berichtet, das Spektrum der as 3 rmmetnsdien Form durch Aufnahme 
der geschmolrenen Substanz zu gewinnen Doch findet bei hoher Temperatur 
eine teilwcise Rbckbildung zur symmetnscfaen Form statt, so daO man 
wiedet nur an emem Gcmisch I +II beobaditet, in dem allerdings Form 
II betrkchthch angereichert sem sollte £s ergaben sich dabei fdr die CO 
Fre<]uenzen die folgenden Wertc und Intensitftten 

1736 (3). 1791 (4), 1846 (8), 

so daO in Ueberemstimniung mit der ursprlmglichen Vermutung eine Inten- 
sit4ts*Verschiebung zu Gunsten der zu II gehongen Frequenz 1845 festzu* 
stelleii war Ks stand also zu erwarten, dad die homogene Substanz II nur 
die Ictztere CO-Frcquenz auf wetsen werde Dtese Erwartung erfulUe stch 
ntcM ' 

' K K Koblraiwph, A Pongrats, W Btookmalr, MontsMu^ /. Chetn , 1»86, 
OT, 104 

* Ti Kahoveo, K W P Kohlrauach, Ztoefcr pkyaOMl. Chtm., 1»37, 91,11». 
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Das zur eben erwahnteu Schmelzaufnahme verwendete Pr&parat war aus 
symmetrischem Phthalylchlond dutch Brhitzen nut AlCla hergestellt 
worden , Nach dem Zersetzen des Reaktionsproduktes nut heiss wurde nut 
Petrolather ausgeschhttelt, im Hochvakuum destilhert (0,02 nun, 100-110® 
Temperatur des Duftbades), und in Ha-Atmosphare in das Ramanrohr gesch- 
molzen Dieses sclbe Prhparat wurde fur die im Folgenden zu besprechenden 
Aufnahmen am Knstall-Pulver mit Petrolaether digenert, abgesangt, mit 
Petrolather nachgewaschen und so wie fruher zweunal im Hochvakuum 
destilhert Pp 85° (Dit 89°) Aufnahme am Knstallpulver m der Pest- 
korper-Apparotur Px auf PI 353 bezw 364 mit t == 24 bezw 48* , der 
Prequenzbereich dv <500cm"* wird bei diesen Aufnahmen mcht erfasst 
Das Versuchsergebnis wird im folgenden zuerst zahlenmdOig, dann in Pig 1 
zetchnensch dem an symmetrischem (I) and an geschmolzenen uns 3 rmmetri- 
schen (I + II) Phthalylchlond erhaltenen Refund gegenubergestellt 


T flusfi 

157 (10) 215 (5) 

252 (2) 

268 (2) 

324 (2) 

170 (2) 404 (6) 

1 + II geBoltm 

148(2) mn) 

242 (§) 



402 (2) 452 (III) 

II krwt 

^ verdokt 




-V 

T flaw 

504 (10 ) 0^8(4) 

600 (8) 



858 (*) 805 (i) 

1 -f IT gcachin. 

525(1) 550 (1b) 042 (lb) 


714 (0) 


816 (I) 001 (0) 

n knst 

530(2) 583(1) 640(1) 

077 (1) 

713 (1) 

735 (3) 

181 (1) 832 (1) 010 (lb 

1 fluSB 

1013(2) 1047 (8) 

1M>6(4) 1202(10) 1331 (A) 


I llgcachm 

1003(2) 1040 (3) 1007(1) 

1165(1) 

1305 (3) 


1106(00) 

1( kriMt 

1007(0) 1042(0) 1105(3) 

1165(2) 

1203 ()?) 


1359(1) 1405(00) 

1 flaw 

1409(2) 1589(10) 1736(5) 


1787 (I) 

ISU (2) 

3000 (2) 

1 -f TI ^^ennhiu 

U76(0) 1539 (Sb) 17}0(1b) 

1701 (4b) 

1845 (3b) 3001 (0) 

II kriBt 

1471 (1) 1598(0) 

1703(3) 1707(1-4) 1814(0) 

1070 (3b) 



Die namaiMpoktren von ■ymmetriBohem (1), geschinolBenem aayminotniicbon (I 4 IT) 
und loiBialliBlertem (II) PTiUialyletilond 

Ohne deizert auf die Einzelheiten dieser Spektren ndher einzugdien, so 
nttr kurz vermerkt Das Kristallpalver II zeigte Spuren von Feuchtig^eit 
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und vor/eitiges Weichwerden beim Schmelzen , man konnte also noch Beinus- 
chung voii I verraiiten Der spektrale Befund besagt jedoch, daS es sich 
dabei nur um ganz gennge Mengen von I handeln kann, denn von den in 
Si)ektrum I auftretenden starkcn I,iuien Jv 564 (10), 660 (8), 1047 (8), 
1202 (10) Sind in Spektrum II nur nichr Spuren vorhanden Kemesfalls kann 
die Beimengung von I grofl genug sem, um fur das neuerliche Auftreten 
von drei kraftigcn CO-Brequenzen m Speklrum II irgeuwie verantwortlich 
gemacht werden zu konnen Die Sache liegt also so, da6 zwar die Besonder- 
heitcn des Spektnims I dnrch die Annahme einer Beimischung von Snbstanz 
II erklart werden konnen, dafl alier die Besouderheilen von Spektrum II 
mc/ii auf eine Bennischung von Snbstanz 1 zunickgefuhrt werden konnen 
Die Verhaltnisse beiin sogenannten asymmetnbcben Phthalylchlond 
liegen also iiidit so cinfach, wie erwartet wurde Im Frequenzbereich 
500 bis 1700 cm" ^ in dem—^handelt es sich dock sowohl bei I als bei II um 
ortho-substituicrtes Benzol—spektrale Aebiibclikeit bestehen sollte, ist der 
Typus der .Spektren von I und II Oberraschend verschieden Im Frequenz- 
gebiet um 1800 dagegen, in welchem man zufolge des verschiedenartigen 
Kmbaues der CO-(iriippc in den Strukturen von I und II deutliche spektrale 
Untersthiede erwarten sollte, findet man uberraschende Aehnlichkeit 

Zu einer naheren Diskussion dieser Verhaltnisse ist das Krfahrungs- 
Material zu durftig Rs btsteht daher die Absicht die Krfahtungs-Grundlagen 
zu erweitcrn durcli Beobathtung emerseits an substituterten Phthalyl- 
clilonden, bei denen die asymmetrische Form meist die stabilere ist, anderer- 
seits ail den asymmetnsclien Phthalsaurc-estem 



THE RAMAN SPECTRA OF VOLATILE FLUORIDES. 
APPLICATIONS OF RAMAN SPECTRA 
TO CHEMICAL PROBLEMS. 

By Don M Yost 
{Paacuienu, Cahfomui ) 

{Cnntributicmfrom the (i(tie8 and f'rellin Laboratoriea of Chrmtslry, 

VaUfornut tnMitute of Terhneingy No «72,) 

Iniroduciton 

Thc rebults and theory of Raman spectra are of importance to chemists in 
that the spectra yield, (1) information that is useful in establishing the struc¬ 
ture of molecules, (2) quantitative data on vibrational and, occasionally, 
rotational energy states of molecules, and (3) information that permits the 
evaluation of the strengths of chemical bonds 

The application to the determmation of molecular structure (shape) 
depends on the effect of molecular symmetry on the number of Raman hnes 
permitted by the selection rules ‘ This apphcation is limited m that a per¬ 
mitted line may not be observed, if the electrons arc so bound that the 
tensor components of electric polarizability of the molecule are very small 
for the mode of vibration corresponding to the line m question, then the 
intensity of the line may be so small that it is not observable It is also 
possible for harmonics and overtones to appear in Raman spectra, and these 
are sometimes a source of confusion in molecular structure studies 

The vibrational energy states furmshed by Raman spectra are of con¬ 
siderable importance in both pure and apphed chemistry By their use it is 
often possible to evaluate heat capaatics, free energies and entropies of 
chemical compounds The limitations of this apphcation depend on the 
fact that the Raman spectrum of a molecule does not always give all of the 
vibrational energy states Also, the degeneraoes of the levels may be m 
doubt If, in addition to the Raman spectrum, bght polarization expen- 
ments are made and the infra-red absorption spectrum deternuned, then one 

15 often in a position to evaluate correctly and completely the vibrational 
energy states and their degeneraaes A complete knowledge of these states 
alone suffices for the calculation of the heat capacities at room temperatures 
and above, of all but a few molecules m the gaseous state, since at these 
temperatures the rotational energy states are completely ezated When it 

16 difficult to photograph the Raman spectrum (eg, in case the substance is 
highly coloured), or if frequencies are forbidden or too weak to be observed in 
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both the scattered and infra-red spectrum, gas heat capaaty measurements 
may be employed to determine the unknown vibrational energy states 
Neither the Raman nor the infra-red spectra yield interatomic distances for 
molecules with large moments of inertia, and m such cases it is necessary to 
obtain this information from the results of electron diffraction experiments 
A complete thermodynamic calculation requires that both the vibrational 
and rotational energy states be known, and the latter are calculable from the 
moments of inertia of the molecule The refinements necessary to take 
account of the anharmomcity of the vibrational states, and the interaction 
between rotation and vibration are. m many cases, unimportant in the 
estimation of thermodynamic quantities 

The determination of bond force constants from spectroscopic data can¬ 
not be said to be in a completely satisfactory state, smee, for reasons of 
mathematical simpliaty, the potential functions employed are restricted to 
homogeneous quadratic forms Moreover, even a homc^eneous quadratic 
potential function which takes into account all interactions often contains 
more independent force constants than can be evaluated from the experi¬ 
mental data In such cases one must neglect some constants on the assump¬ 
tion that they are small, or attempt to combme properly the data for two or 
more molecules containing the same bonds In spite of these limitations the 
force constants that have been calculated are of significance in that they 
permit of a reasonably definite quantitative statement regarding the strengths, 
for small displacements, of chemical bonds These bond strengths are often 
m accord with the qualitative notions gamed from studies of stabihties and 
heats of formation of compounds 

Raman Spectra of Volattle Fluortdes and thetr Compartson 
With Chlorides and Bromides 

Fluorides in general are either qmte volatile or qmte involatile To ob¬ 
tain the spectra of the former in the kquid state requires, therefore, a low 
temperature technique Again, some fluorides attadc glass unless care is 
exercised to a\oid moisture and this, in addition to the general requirements 
of punty (often not emphasized), renders necessary more than the usual 
percaiitions in preparing the compounds studied 

Attempts have been made at this laboratory to photograph the Raman 
spectrum of liquid fluorine* at liquid air temperatures but without success 
Hither fluorine does nut scatter strongly (from Hg 6461 A) or the Raman line 
coincides with a mercury line An estimate of the frequency has been made 
from the F-F distance* of 1 *46 A as detenmned tn this case from tathet 
difficult electron diffraction experiments and Badger’s* mle The F-F dist¬ 
ance seems too large as will be indicated bdow, the calculated frequency is 
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u) =s 836 cm A directly determined value of w is highly desirable both for 
an understanding of the emission spectrum* of Fj and for the better estima¬ 
tion of the F-F distance and the entropy (48 >6 cal jdeg at 25") 

The boron halide molecules, BX,. are known to be planar with the X- 
atoms at the comers of an equilateral triangle and the boron atom at the 
centre * The selection rules permit only three of the four distinct funda¬ 
mentals in the Raman effect, but due to the fact that boron is light and exists 
as the two isotopes B** and B’* some of the Raman hnes appear doubled, 
namely those for which the boron atom moves appreaably, ai( and cog It 
also happens that the harmonic cf the forbidden fundamental oij, is permitted 
and appears with BCI 3 and BBr, Table I contams the frequenaes,^ the B-X 
stretching force constants K, the benditq; force constants G and the B-X 
distances * 

TABtK I 

Raman Frequenctes and Force Constants for Boron Hahdes 

to in cm PareniliefiFg adjoining to contain deBcneracira 

I <11 <<>i <91 K xlO-* 0x10-* B-X 

Wi(l) (■>{() ) ci> 4 ( ) dync/om ilvnc/om a.-'*®'*®™ 

722 U48 

BF. 88S 430-^n «>«0 0 88 1 70 

604 ISOl 


009 OKI 

BCU 471 263 J 30 0 47 1 73 

(043) 880 


74J 806 

BBr, 279 Iff] 2>S0 0 27 1 87 

(780) 840 

The force constants K show that the B-F bond is, for small displace¬ 
ments, about twice as strong as the B-Q bond, and this in turn is 1 *3 times 
as strong as the B-Br bond As will be seen below these same ratios are 
found for other hahdes Interactions betvreen stretching and between bend¬ 
ing forces have been assumed in arriving at the formulae for evaluating K 
and G, but for the sake of simphcity the interaction constants are not given 
in the table a>i refers to the symmetrical swelhng vibration and oi, to that 
in which the B atom moves perpendicular to the ;dane of the F atoms Of 
the two values given for cu, and to, the upper refers to B‘*Xs and the lower 
to B“X, 

The fifth group trihalides have been investigated both with respect to 
the Raman frequencies and the polarizatiim of the scattered radiation * The 
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molecules have a regular pyramidal structure four Raman hues are per¬ 
mitted and four are observed Table II contains the Raman frequenaes 
together with the stretching and bending force constants K and H respect¬ 
ively as calculated by Howard and Wilson “ The spectra, polarization 
measurements, and electron diffraction results provide sufficient data for 
the calculation of the entropies of four of the MXj hahdes These and 
some free energies, A are included in the table 

Tabi,E n 

Raman Spectra, Force Constants and Entropies of Some 
htflh Group Tnhaltdes 

ta III oin 



(1) 

1 

0>a(l) 

Wj(2) 

a>,<2) 

K 10 * 

dj n"/cm 

H X 10^5 
dyno/tm 

c\\ /deg 

PI., 

800 

531 

840 

480 

4 50 

1 07 

(li 2 

IS'I, 

510 

277 

480 

190 

2 11 

0 11 

74 7 

PBr, 

380 

102 

400 

110 

1 02 

0 27 


Asl-'a 

707 

341 

044 

274 

3 90 

0 40 

69 2 

AiiCI, 

no 

191 

170 

119 

2 01 

0 21 

78 2 


I* (8) ^ 3/jrij(K)- AK’jo, -- 02,220 0*1 

A»(8) ‘ '«/2F8(r) - AhFsIk), a - - ISSOOOcal 

Ah (h)A — — 82,076 0*1 


Noteworthy m the case of these hahdes is the fact that the M-F bond 
force constants are about twice those of the correSiponding M-Cl constants 
that IS Kmf/Knki =2 16 for phosphorus halides and 1 96 for the arsenic 
halides The ratio Kvci/K\ii*r =13 These ratios are closely the same as 
those given above for the corresponding boron halides, namely 2 0 and 1 3 
respectively It is of interest to examine this ratio for other compounds of 
F, G and Br For the simple compounds HF, HCl and HBr one finds that 
Khi /Khci = 1 8 and KHci/Kfinr =13, that is the bonds formed by these three 
halides have nearly the same relative stret^^ths as those in the boron and 
fifth group halides On proceedmg to the molecules F|, G, and Br, one 
finds Kii./Kb,. -= 1 3 but, using <a — 836 cni~^, Kr^/Kci, - 1 *16 , this latter 
ratio suggests that the 836 cm calculated from F-F = 1 46 A and Badger's 
rule IS not the correct value If one assumes that <o is about the same as 
that found for an excited state* of F„ narady, 1070 cm then Ki.,/Kci, = 1 *9, 
a value nearly equal to those found for other sets of hahde compounds This 
suggests again, but does not prove, that at = 836 cm and hence F-F «1 *46 A 
are not the correct values for these constants 
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The tetrahahdes of the fourth group elements, with the exception of 
the fluorides, have been extensively investigated with respect to the frequen¬ 
cies and polarization of Raman scattered radiation The following Table III 
contains the data of other investigators for the chlorides and that from this 
laboratory for the fluorides “ The results for SiP* are new and were obtained 
by Messrs Best and Trampe at this laboratory The compound proved 
diflicult to prepare pure, and the two weaker lines of the Raman si>ectrum 
were obtained only after rather long exposures For CF 4 the oi, frequency 
comes from the infra-red spectrum ** The tetrachlorides yield all of the 
Raman lines permitted by the selection rules and sometimes overtones and 
acadental ones (Fermi degeneracy) as well The accepted assignment of 
frequencies is borne out by polarization measurements and normal co-ordmate 
treatments ^ The frequency «a does not appear with the tctrafluorides, 
although it IS not forbidden The fluorides resemble the hydrides, CH 4 , 
S 1 H 4 , ill that their scattering power for some fundamental modes is not so 
great as that of the chlondes Molecules containing hght atoms frequently 
do not scatter as well as those containing heavy atoms 

TABtE III 

Raman Frequencies, M-X Force Constants and 
Entropies of Four Tetrahahdes 

(I) 111 km * 



The force constants for the C-F and Si-F bonds have not been carefully 
calculated The values m the table are estimates onl)', but are probably of 
the nght order of magnitude The entropies given may be used in connection 
with heats of formation and the entrcqnes of the contituent elements to cal¬ 
culate the free energies of formation It 1 $ of interest that low temperature 
heat capaaty measurements yield for the standard entropy of CO 4 (g) at 25*’ 
the same value,’* 74 *4 cal deg, withm the limits of experimental error, as 
that calculated from the spectroscopic and electron diffraction data, this 
increases our confidence in the application of Raman spectra results to such 
calculations 
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It lb not always convenient in obtanung first notions about the 
assignment of Raman frequencies to the fundamental modes of vibration to 
resort to the use of normal co-ordinate treatments and force constants ^Hus 
may sometimes be done by comparing the spectra of two analogous compounds 
for which the frequency assignment of one is known Also it is sometimes 
possible to make a fairly reliable determination of corresponding frequenaes 
for two analogous compounds Best and Trampe at this laboratory have 
photographed recently the Raman spectrum of thionyl fluonde, SOB* They 
used material that was fractionally distilled several times at sohd carbon di¬ 
oxide temperatures in the absence of moisture Their results along with 
those of Masotti and Aderhold,*" and Nisi*" for thionyl chloride are presented 
in Table IV The molecules are pyramidal in form, the oxygen and both 
chlonnc atoms being bound to the sulphur atom which stands at the apex of 
the pyramid The selection rules permit six Raman lines and six are ob¬ 
served All of the frequencies are nondegenerate The numbers m paren¬ 
theses adjoining the frequency values are estimated relative intensities 


TABtE IV 

7 he Raman Spectra of SOFt and SOCl^ 



32b (1) 

395 (0) 

1 

339 (H) 

1 

1 720 (9) 

795 (9) 

1312 (10) cm-r 


192 (s) 


343 (va) 

441 («) 

488(a) 

1229 (m) cm-^ 


N strong, vs ~ very strong, m =** medium 


Since SOi has one strong hne at 1146 cm it seems reasonable to suppose 
that the frequencies 1312 and 1229 correspond to a motion m whidi the S-0 
bond IS stretched appreciably The totally symmetric frequency of SP, 
{vide infra) is 770 cm , according!)', for SOFj, the 720 and 796 cm fre¬ 
quencies are those for which the S-F bonds undergo appreaable stretching 
The lowest frequencies, as is usual, probably correspond to bendmg motions 
Now since the ratio of corresponding frequenaes for fluondes and bromides 
(Tables I-III) varies from 1 <7 to 2 0 it seems likely that 443 and 488 cm~* 
are the frequenaes of SOCli that correspond to 720 and 795 cm for SOF^. 
Agam, 192 and 282 cm must correspond to bendmg vibrations m SOCl« 
since they are low The corresponding frequenaes are, from these rou^ 
considerations, probably those given in the table The apphcation of a 
normal co-ordinate would estabhsh more defimtdy whether or not the general 
modes of motion assigned to the frequenaes were the correct ones Atten¬ 
tion must be drawn to the fact that if all bending, stretching and interaction 
energies are invoked m this case the potential function will contain more 
than SIX force constants It must also be remariced that since none of the 
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vibrational energy levels are degenerate, a knowledge of the assignment of 
the frequencies to fundamental modes is qmte unnecessary in order to make 
thermodynamic calculations 

The Raman spectra of the very interesting hexafluondes of sulphur, sele¬ 
nium and tellurium were photographed by Yost, Steffens and Gross.^* These 
molecules contain the six fluonne atoms at the corners of a regular octahedron, 
the remaining atom being at the centre The selection rules permit only 
three of the six distinct frequencies m the Raman spectrum and only three 
arc observed Of the remaining three frequencies only two are permitted 
in the infra-red The sixth frequency, as a fundamental, is forbidden in both 
the Raman spectrum and the infra-red Hucken, Bartolome, and others 
have investigated the heat capacities and infra-red spectra of all three of the 
hexafluorides and their results taken together with the Raman spectra serve 
to establish quite definitely the vibrational energy states of these molecules 
The normal co-ordinate treatment of this tsqie of molecule was farst made by 
Redlich, Kurz and Rosenfeld Other more extensive treatments have 
since been given'* '* some of which mvblve bending as well as stretching of 
the bonds The following table presents the six fundamental frequencies for 
each hexafluonde together with the M -F stretching force constants K given 
by Sachse and Bartolome,'* and the M-F distances *® 


Tabie V 

The Vtbrattonal Frequencies of SF,, 5cF, and TeF, 



SFo 

S(.F, 

Tel! a 

tt>t <1) 

776 

708 

701 


616 

662 

674 

wa(>) 

62S 

406 

313 

0*4 (*) 

363 

246 

165 

tat (3) 

617 

461 

370 

a>4(3) 

066 

787 

752 

K X I0-* 

3*44 

3*68 

3*95 

M — F m A 

1 66 

I 70 

I 84 


8* (SF(«a) - 71 ea] /dfg S («)-»■ 3 V, {ft) fV, (g) « - 338,000 oal 


Of interest is the fact that K does not depend strongly on the nature of 
the central atom 

The value ed ^ F*im for SFa can be used to show that the compound has 
a strong tendency to hydrolyze in water, although ^ of the reaction is 

A7 9 
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effectively zero This result is of interest in connection with possible applica¬ 
tions of the substance 

The applications of Raman spectra to chemical problems are not restrict¬ 
ed to the comparatively simple molecules discussed above Some progress 
has lieen made toward the solution of the problem of restricted rotation about 
the bonds in compounds such as Si 2 Ha, Si^Cld,*^ CFbCHj So far the 

Raman spectra alone have not been able to give a decisive answer to the 
question, but their use in connection with low temperature heat capacity 
measurements has served to show that for the carbon compounds at least, 
the rotation of MX 3 radicals about single bonds is restricted 

From the simple considerations presented here it appears evident that 
the results of Raman spectra have proved evtremely useful in the solution 
of several of the many problems that face tlie present-day chemist 
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THE RELATION BETWEEN THE FORCE CONSTANT, 
THE INTER-NUCLEAR DISTANCE, AND THE 
DISSOCIATION ENERGY OF A DIATOMIC 

LINKAGE 

By G B B M Suthcri.an« 

(Pemhroke CoVrgc, Catnhruliii ') 

During the past ten years there have been several attempts to estabhsh an 
empirical relation between the force constant characterising the vibration 
frequency of a diatomic linkage and the inter-iiuclear distance of the two 
atoms In 1929 Morse^ pointed out that the product of the vibration 
frequency (w,) into the cube of the intcr-nuclear distance (R,) was ai>proxi- 
mately constant for a considerable number of diatomic molecules 

Mathematically — w, R/ — 3 x 10“**—^Morse Rule This empirical 
rule held best for molecules in which the masses of the two atoms were 
approximately equal, the numerical value of the product tending to increase 
for more unsymmetneal molecules In 1934 modifications of this simple 
rule were suggested independently by Douglas Clark* and by Badger® which 
gave better agreement over a wider distnbution of molecules and molecular 
states The former suggested the relation 

w, R,® VN = K Clark Rule, 

where N is the " group number ”, K is a constant for a given " molecular 
period, ” if we confine our attention to uniomsed molecules The ” group 
number " is a number defined by Clark as the number r f electrons in the mole¬ 
cule which are m molecular rather than atomic orbitals The ” molecular 
period ” is defined by the positions in the penodic table to which the consti¬ 
tuent atoms belong, e g , the molecules BO, CN, CO • all belong to the KK 
period The modification suggested by Badger is expressed by the equation 

R# = (k )* “ ’ Badger Rule 

Here K, is the force constant derived from the vibration frequency, and 
D,; are constants which vary according to the molecular penod It was 
pointed out by Allen and Dongaii® that the Clark Rule is theoretically weak 
m that It IS obviously wrong for the case of isotopic molecules They 
suggested a third relation which may be put in the form 

C 

R,® . . AUen-Longair Rule 
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The fact that so many vanations alt give reasonable agreement indicates 
that each is only an approximation to some more refined rule Clark and 
Stoves^ have made a careful study of their application to 70 states of 33 notf* 
hydride diatomic molecules from which it appears that a later modification 
of Clark's rule (in which K may vary according to the electronic configuration 
within a mokH.ular jicnod) is slightly superior to the others in the case ci 
molecules of the TJv and higher periods For molecules contaimng one atom 
in the K period, the origin il Clark Rule is just as good or better than the 
more complicated one 


There has been little or no attempt to find a theoretical basis for any of 
the above relations, presumably because the evaluation of the potential 
function, even for the simplest diatomic molecule, viz , mvolves labonous 
computations Newiiig,* using very general argumnets and the methods of 
quantum mechanics, has been able to show that relations of the type 

R, — R, (cu„ X,. D„ n) 

should exist where X,, is the anharmomc constant, D the dissoaation energy 
and ja the reduced mass, but he has been unable to produce anything more 
specific On the other hand, the same author has indicated how, by using 
a more classical approach and assuming that the mutual potential energy 
has the form'* 


the result 




R» 



] 


may be deduced This is really equivalent to Badger’s relation 


K, =A(R, --=^,(1 - 


3D, 


K 


V _ 


6D„* 


K'D,,* 


_ 


We wish now to show how this approach may be generahsed to lead to 
some very suggestive and interesting results l,et us start from the assump¬ 
tion that the mutual potential energy may be expressed as follows *— 

V = --- — ^ 

R" R»* 


Since (aR)R r obtain the relation 

wo R,*"-" (2) 

Next we expand V about R, in ascending powers of (R - R,) The 


* Here Z and Z an the effective charges 00 the audei while A, C,, Oj, etc., an 
constants 
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coefficient of (R - R,)*. t e , the force constant K comes out to be 
^ f« + 1 m -h JI 

i R"; ~ - K r 

Using the relation (2) this may be expressed either as 


(3) 


or as 


K, 

K, 


«/5 (« — nt) 
R>+* 

ma (n — iti) 
R,« + *"' 


(4) 

(fi) 


It should be noted that if we take « — 4, then (4) is equivalent to the Allen- 
Uongair relation, while if we take M = 1 then (6) is very similar to Badger's 
rdation In the latter case we should have to replace R, by R, — D,,, f e , 
an effective mternuclear distance instead of the actual It is interesting that 
the Clark formula is not substantiated, and indeed it is difficult to see hovr 
it can be in any theoretical treatment, since the presence of the mass factor 
in using instead of K, is insuperable The fact that the Clark formula is 
slightly supenor to the other two must be put down to the fact that the 
variable constants are more skilfully chosen to follow variations in going 
from one family of molecules to another It should be remembered that in 
the Allen-Longair formula, only one arbitrary constant is available as against 
two in the Clark and Badger relations A modification of the Alleu-Uongair 
formula involving two arbitrary constants, say, of the form 

R/ vl? = 

ought to yield more satisfactory agreement The use of two constants 
coifid only be justified if m varied from one family of molecules to another 
Similarly, a modified Badger formula of the type 

VN K, = 


might yield better results, on the assumption that n rather than m vaned 
on going from one molecular group to another These possibdities are now 
being investigated 

Next we consider the dissociation eneigy of the linkage This is readily 
seen to be 


D 


h - 

R,»* 1 n) 

using 

mn 

using 


( 2 ) 

( 8 ) 


This result is at once reminiscent ci an empirical rule of Medce* which 
the strength of a bond as the work required to increase the nuclear 
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separation to twice its equilibrium value, assuming that Hooke's law of force 
holds The proportionality which Mecke proposed between the energy of 
a bond and the product R/ on a very questionable assumption is now seen 
to be justified in a slightly modified form, using a much more plausible and 
general assumption The present derivation is much more satisfactory also 
m tliat It is from the same assumption that the empirical relation between 
force constant and internuclear distance has been justified From tlie above^ 
one would expect a constant ratio between the dissociation energy and the 
product Kf R/ for molecules of the same class, t e , for which m and n will 
not vary apprcciabh This has been found to be the case, as the following 
small table will illustrate 


Moleeiilo 

1) 

in v<»ItK 

m ai hill ary 
units 


<>. 

5 1 

52 

008 


1 45 

40 

111 

K) 

5 1 

55 

003 

(N 

0 7 

70 

.006 

NO 

5 d 

60 

080 


The full working out of this has not been completed It obviously 
depends partly on a satisfactory substitute being found for the Badger or 
Allen-J/ongair relation This would yield a definite value for the constants 
M, N, a and jS and thus enalde the three quantities K^, and to be com¬ 
pletely correlated The application of these results to polyatomic molecules 
IS also being investigated The importance of the above theory in treating 
the results of observations on Raman spectra is quite obvious It should 
enable a fairly accurate estimate to be made of the internuclear distance and 
of the dissociation energy of a bond in any molecule for which the force 
constant has been determined from analyses of the Raman spectrum 
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INTERPRETATION OF RAMAN SPECTRA IN 
CRYSTALS; ANHYDRITE AND GYPSUM. 

By S Bhagavantam 

(From the Department of Phyaiea, Andhra Umvendy, WaUatr ) 

1 Introduction 

The application of group theory to a study of the normal modes of oscilla¬ 
tion of cr 3 rstal lattices with special reference to Raman scattering has yielded 
very fruitful results A comjirehensive account will be pubhshed separately 
The two interesting cases of anhydrite (CaSO*) and gyjisum (CaSO* 2 HaO) 
are dealt with in the present paper The fact that tlie crystal structures 
as well as the Raman spectra of both these substances have been studied in 
considerable detail is of great help in this connection 

2 Crystal Structure 

The crystal lattice of anhydrite is an ionic one The crystals belong 
to the orthorhombic variety and the space group is V" The unit cell 
contains four molecules The structure of gypsum is also ionic and the umt 
cell which belongs to the raonoclmic class contains again four molecules 
The space group is Cj* Attempts have been made to fix the atomic posi¬ 
tions in both these cases from the results of X-ray analysis and it is beheved 
that the SO 4 10 ns preserve their tetrahedral symmetry m the crystalline 
state also In the present paper, we will consider the anhydrite crystal as 
consisting of Ca and >SOt groups and gyspum as consisting of Ca 2 HtO 
and SO 4 groups Further details in respect of these well-known structures 
may be obtained from Wyckofl * 

3 Raman Spectra 

The Raman spectra of anhydnte and gypsum have been studied by 
a number of investigators Complete references are to be found in I^indolt 
Bornstein Tabellen The frequencies given below are taken from these Tables 


Table I Raman Frequencies 


Sabatance 

Lattice 

Internal to 8 O 4 ion 

Water banclK 

604ion 1 


484 (n) 
dcniblci 

(122 (vg) 

tnplr 

083 (yi) 
Mngw 

1 

1106 (V 4 ) 

triple 


C «804 

(Anhydrite) 

ISO 160 S33 
0 ) («)(» 

416 409 

( 1 ) (M) 

flOe 028 074 
( 2 ) ( 2 ) ( 8 ) 

1018 

(16) 

1108 1128 1160 
( 2 ) ( 10 ) ( 6 ) 


CaS 04 2 H ,0 
(gjjnuin) 


414 404 

( 8 ) (3) 

618 672 
(2h)(4) 

1008 

( 20 ) 

1113 1138 
( 2 ) ( 10 ) 

3402 1401 
(lOd) (20) 


^ The ftlruHure of Cryriate, 2nd Edn , 1031 
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The case of the free SO 4 ion is also induded for companson ^Hie frequen¬ 
cies have been divided into various classes, the division being sdf-expla- 
natory The degree of degeneracy and the conventional designation is 
indicated in each case for the frequencies of the free ion As the correspond¬ 
ing modes are well known, they need not be desenbed here in detail The 
sphtting in the crystalline state of all the degenerate frequencies bdonging 
to the tetrahedral SO 4 ion is noteworthy This result has been described 
by Nisi* as being inconsistent with the X-ray evidence and was taken to 
indicate a departure from the tetrahedral symmetry for the SO4 ions in the 
crystalline state The present investigation on the contrary, shows clearly 
that the splitting is to be expected since the crystal as a whole does not 
possess the high degree of symmetry that is charactenstic of the SO 4 ion 
The result is therefore not inconsistent with the view that the SO4 10 ns 
preserve their tetrahedral symmetry in the crystalhne state 

4 Symmetry Properties and Character TahUs 


Tabus II 
Anhydrite 


V/i 



.. 

' 2 



av 



Kxtirnal 


Baman 

Infra rt^cl 

F 

1 



T 

L 



) 

1 

1 

1 

1 

1 

1 

1 

12 

0 

4 

S 

P 

{ 


1 

-1 

1 


1 


1 


10 

0 

0 

4 

P 

f 

Bj^ 

1 

1 


1 


1 



4 

0 

2 

2 

P 

f 

lb. 

1 


I 

1 

1 


-1 

1 

10 

0 

6 

4 

P 

f 


J 

} 

I 


-J 

-1 

I 

1 

4 

0 

2 

2 

f 

/ 

A,« 

1 

-1 

1 

1 

i ^ 

1 

-1 

1 

10 

1 

R 

4 

f 

V 


1 

1 

-1 

“I 


1 

1 ‘ 

1 

12 

1 

3 

8 

f 

P 



1 

1 

1 

-1 

1 


--1 

10 

1 

T) 

4 

f 

P 

Ur 

24 

M 

0 

0 

0 

0 


16 







! 

72 

8 

0 

0 

0 

0 

16 

10 
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Tabi^ III 
Gypsum 


f’l/i 

■ 


■ 

B 

», 



Ramai) 

Infra ri>d 



A, 

1 

1 

1 

1 1 

1 1* 



10 

P 

f 

Ag 

1 

-1 

1 

- 1 

20 



8 

P 

f 


1 

1 1 


-1 


1 


10 

f 

!> 


1 

mm 



20 

2 

10 

8 

f 

P 

tv 

24 

m 

0 

0 







hx/ 

72 

mm 

0 

0 








The notation is the same as that employed m earlier papers pubhshed 
in these Pro^ce hngs n/ represents the number of oscillations that are internal 
to the SO 4 group p and / under the columns Raman and mfra-red indicate 
respectively that the line is permitted or forbidden from appearing We will 
first consider the internal oscillations n,' A very complete analysis of all 
the normal modes appropriate to the unit cdl* has been made with a view 
to understand the significance of the sphtting in each case The details 
will not be given here, but we will state the results In each crystal there 
are 36 internal oscillations The four distinct modes of oscillation appro¬ 
priate to the free SOt group spht into nme distinct modes in the crystal 
as the degeneracy disappears on account of its lower symmetry These mne 
distinct modes undergo a further sphtting on account of the fact that there 
are four such groups in each unit cell, thus giving an aggregate of 36 modes 
The former sphtting may be expected to be more prominent than the latter 
Detailed analysis shows that one or other of the four components coming 
from each one of the nine fundamental modes falls in the Raman active class 
and we should accordingly expect both anhydrite and gypsum to exhibit aU 
the nine components in their respective Raman spectra As these compo¬ 
nents are only slight modifications of the original modes, we may further 
expect a close correspondence between the spht frequencies in the ciTstal 
and those of the free ion The results in respect of the internal oscillations 
given in Table I completely support this view The correspondence between 


* These modes when extended to an inflnite lattice will correspond to the linUtuig 
frequencies of the various optical series in the notation of Bom and Kannan The 
pore translations atven onder T oonstltute the acoustic series 
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the degenerate frequencies of the free SO 4 ion and the split components in 
the crystal is evident The results in respect of gypsum suggest that one 
faint line in the neighbourhood of 600 and another in the neighbourhood of 
1160 are yet to be recorded 

The experimental results in respect of the lattice oscillations are by 
110 means definite Many weak lines reported by different investigators have 
been omitted from Table I as their reahty is somewhat uncertain The 
investigations described in the present paper show that several more lattice 
frequencies are to be expected than those contained in Tabic I In fact the 
figures given in IvUndolt but not included here show that the low frequency 
spectrum of gypsum is quite complex A more complete experimental 
investigation of these low frequencies is obviously necessary The water 
bands present a problem by themselves and will be dealt with separately 

5 Summary and ( onculston 

Application of group theory to a study of the normal oscillations of the 
crystal lattices of anhydrite and gypsum shows that we should expect the 
degenerate modes of the free SO 4 ion to completely split up in the crystal 
All the spilt components are Kaman active The experimental results 
obtained with anhydrite are in enitre agreement with this view The case 
also gives results which arc in general agreement with the theory 
The splitting is a consequence of the lower symmetry of the crystals as a whole 
and need not be taken as indicating a lack of tetrahedral symmetry for the 
SO 4 ions individually 



NORMAL FREQUENCY OF THE DIAMOND LATTICE. 


By T Venkatarayudu 

{From fhr Drpnrtmenf of PhjfairH Andhra University, Wullair,) 

/ Inlroductton 

Several earher attempts have been made to determine the nonnal modes 
of oscillation of the diamond lattice In view of the great importance attach¬ 
ed to the case of diamond, the problem has attracted the attention of many 
theorists as well as experimenters Detailed references are to be found in 
the recent papers by Nagendra Nath^ and Robertson, Fox and Martm • The 
fact that the Raman spectrum of diamond consists of only one strong line 
at 1S32 IS of the utmost significance in this connection Other weak lines 
have however, been recorded, but their intensity is almost negligible In the 
course of a systematic investigation of the normal oscillations of crystal 
lattices* some interesting results have been obtamed in the case of diamond 
and a brief account of these is given here The conclusions which are identi¬ 
cal with those of Nagendra Nath are amved at in a much simpler and more 
elegant manner in the present investigation 

2 The Baith of the Dtamond Lathee 

It IS well known that the diamond lattice may be regarded as having 
been made up of two interpenetrating cubic face-centered lattices Each atom 
of one lattice is at ihe centre of the tetrahedron formed by its four nearest 
neighbours of the other lattice The positions of the atoms in the lattice 
are usually given with reference to the edges of the unit cube as axes 
Accordingly the co-ordinates of the eight atoms in the unit cube are given 

by (0. 0, 0), (j. i, 0), (i 0, i) . (0, 1 i), (j, I, j), ii 1. 1) , (1 1 1). 
(i. i J) 

The above descnption of the structure of diamond is no doubt con¬ 
venient m visualizing the lattice, but it is misleading masmuch as it leaves 
the impression that the basis of the crystal is the umt cube i:his however, 
18 not the case since a translation of the whole lattice through any one of 

I Proe Ind, Acad Sm , 19A4,1, 338 

< Phtl Trans Roy, 8oe , (A), 1984, 888, 403 

* The details and the results m respect of various other crystals will form the 
subject-matter of a separate communication 
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( 0 . I i), (i 0 . J). (i I, 0 ) makes the lattice identical with its^ 
basis of the diamond lattice consists of two atoms (1 and 6 ) only and that 
positions referred to rhombohedral axes (Fig 1) are respectively ( 0 , 0 . 0 ) 
and {\. J, 1 ) 



3 Normal Mode and Frequmcy of OsctttaHon 

Tht symmetry operations pertaining to the pomt group of such a 
lattice are 

E, 8 Cj, 3 Cj, 6 <7, 6 S 4 ,», 8 vSj, 3 a, 8 Cj and 6 C* 

The corresponding character table is given below The notation emidoyed 
IS the same as that used in earher papers in these Proceedings * 
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^3 1 

1 



Va 

68^ 

% 

88e 

3(r 

6C, 

ec. 
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-1 

1 
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1 
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i 
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2 

2 

2 
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0 

0 

0 
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*/X/' 
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0 
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12 
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0 

0 

0 

0 



* Proc Jnd Aead Sd , 1988,1,101 
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The sdectton rules for this group require that the hues coming under 
the class should be Raman active and infra-red inactive The mode 
coming under F,m ^ pu^e translation We thus see that the dtamond lattice 
has only one htniUng normal mode of osctUahon which is Raman active and 
infra-red inactive The normal co-ordmates corresponding to this tnply 
degenerate oscillation and the translation are 

Qa = ^1 - *»] 

Qf “ *t J 

QLr=*l+*t) 

Qr = ^i+>'»f • 

Q, = 2 H-*« ) 

The normal co-ordinates show that the two interpenetrating lattices are oscil¬ 
lating against each other, the direction of oscttlation being arbitrary 

The potential energy function may be formed in terms of three types of 
forces, namely the primary valence, the directed valence, and the repulsive 
forces between the distant atoms The co-ordinates of the atoms in the 
displaced positions corresponding to the normal mode Qa are given below 
The axes of co-ordinates are the edges of the unit cube and 2 a stands for 
the length of the edge of the cube (Fig 1) i is the arophtude of oscillation 
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1 ^ 

1 
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<i 4* 8 
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a -f- 8 
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2 

2 


Ihe variations in the lengths of the valence bonds and the valence 
angles may be obtained as 

AR|» «■ AR4* =* - ARf, =« - ARm 

A^iii “ A^iit *“ A^ui A^m« 0 and A^ut “ A^$ == 
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352 


T. Venkatarayudu 


There will be no variation in the distances between the nearest atoms belong¬ 
ing to the same lattice as the atoms of the same lattice move in the same 
direction by the same amount If N is the total number oS atoms m the 
lattice, the kinetic and potential energies are given by 


2 r = N w 8* 
2V = N [® K, 


+ 


b4K, 

‘Ap 


i-J 


8 ». 


where m, p, respectively stand for the mass of a carbon atom and the length 
of a valence bond, Kj and K 2 are the prmiaiy and the directed valence force 
constants The frequency of oscillation is given by 


V 


1 

27T 



SKA 

p') 


This expression is identical with that obtained by Nagendra Nath excejit that 
K, takes the place of K‘ - 


4 Summary and Conclusion 

Tht diamond lattice has only one hmitmg normal mode of osallation 
In tins mode the two interpenetrating lattices oscillate against each other, 
the direction of oscillation being arbitrary The corresponding frequency is 
active in the Kaman effect and inactive in infra-red absorption The fact 
that we get only one Raman line possessing a very large intensity is in 
agreement with the above results The weaker lines and also the infra-red 
absorption maxima are to be regarded as secondary effects 

I wish to thank Prof >S Bhagavantam for his kind assistance in the 
preparation of this paper 



THEORETISCHE BEMERKUNGEN ZUM 
R. S. KRISHNAN’S REZIPROZITATSGESETZ 
DER KOLLOID-OPTIK. 

Von V S Vrkljan 

Bbkanti^ich hat unlangs>t R Knshnan* em Geset? der Kolloid-optik 
cntdeckt, das von ihm als Rezipro^itatsgeset/ genannt wird Die ursprun- 
gliche Form dieses Oesetzes war m der einfachen algebraischeii Form 

P,. - (I 1 l/P/i)/(l f lip,) (i) 

zusammengefasst, wo p,„ und die Depolansationsgradc des in der honzon- 
talen Kbene senkrecht ztini einfalleii den I^icht beobachteten zerstreuten 
lyichtes bedeuten , die Indexe v rnd h beziehen sich daiiei aiif die Polansation 
des einfallenden lyichtes (elektristhe Schwingung vertikal bzw horizontal), 
wahrend sich der Index u auf das unpolansie.te einfallende lyicht bezieht 
Spater aber ist die Gleichung der Form 

H, (2) 

als das eigentliche Inhalt des Reziprozitatsgesetzes inehr und niehriiidcn 
Vordergrund getretten ® Hier bedeutet H, die Intensitat der honzontalen 
Komponente des zerstreuten I^ichtes, wemi der dektrische Vektor des 
einfallenden polansierten Lichtes vertikal ist, und Vji die Intensitat der 
vertikalen Komponente des zerstreuten l^ichtes beim honzontalen elektnscheii 
Vdrtor des einfallenden polansierten Lichtes In der ueuesten Zeit hat 
K S Knshnan* hervorgehoben, dass die Gleichung (2) auch fur schrage 
Beobachtungsnehtungen in der HortxontaUhene gultig ist 

Bs drdngt sich damit die Frage auf, was man auf Grund der Theoricn 
fiir schrage Beobachtungsnehtungen, die ntcii in der Honzontalebene 
liegen, sagen kann Hier wird diese Frage auf Grund der Mie-schen Theone 
bel^ndelt * 

Wir nehmen also an, dass sich die einfallende ebene polansierte Welle 
durch ein Medium der Dielektnzitdtskonstante und dor spezif lyeit- 
fihigkeit 17 s: 0 in der entgegensetzten Richtung der Z-Koordinate fortp- 


* Daas neun Oans'aohp Theorie dea Knahnaa-ICfleliiM (Phi/» ZS , 1920, 87, 19) 
dam Reziprozitatageaetz (2) fUr aenkreclite lleobachtunguichtunK in dor Uomontalebene 
genitgt, eniebt man ohne weiteres aua den Oloichungen (11) und (14) der Abhandlung 
von B Qana, die die quadratiachen Mittelwerte der elektnschen PeldatArkon fg (falls 
der elektnache Vektor dea einfallenden polarlaierten liit-htea horizontal lat) und fx 
(fallt der elektriacbe Vektor des einfallenden polansierten lachtea vertikal ist) ergeben 
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iianzt, stellen uns im Koordinatenursproiig em Kiigelchcn (im Siune der liie- 
schen Theone) dar und stellen tuis weiter die Frage anf, was fflr ein Gesetz, 
das dem Knshnan'scben Reziprozitatsgesetz ensprechen sdlte, auf Grand 
der Mie-schen Theone fur schrage Richtongen m der schrhgeu Beobachtungs- 
ebene zu erwartcn ware In diesem Falle erhdlt man, wie bekannt,* fdr 
die ifi- und ^-Komponentc des elektrischen Vektors des zerstreuteu Lichtes 
ausserhalb der Wellenzoiie 


E0 



j ,, r p, .(c«», .rfr ,(«» ») 1 

l„ f I L sin d (cos &) J 

(») 

r"-' # g ,.U‘‘ .m » + B,- 

L r L «/(cosd) ni# J 

(41 


falls der elektnsche Vektor der primaren einfallenden Welle horizontal ist 
Hier bedeutet l„ die Kurzung fiirden Ausdruck Wellenldiige, 

(tt =■ lyUdolfsche Zalil), 

t den Abstand des Aufpunktes vom Koordinatenursprang, 

0 den Winkcl zwischen der honzontalen XZ-Bbene und der schiefen 
durch die Z-Achse gelegten Beobachtoi^ebene, 

^ den Winkel zwischen dem Radius-Vektor r und der Z>Koordinaten- 
achse, P, i (cos 9) die sog zugeordneten Kugelfunktionen, 

B, und B,* die Koustanten, die dutch gewisse Grenzbedingungen* 
bestimmt sind 

Im Falle aber, wo der elektnsche Vektor der pntnaren Welle (deren 
Intensitat gleich ist wie in vorheigehendem Falle) vertikal ist, erhalt man 
ebenso ftlr das zerstreute I^icht auf Grand der sog Potential ausserhalb der 
Wellenzone 




V la r I * d (cos 9) ^ * sin» J 

(«) 

Beobachten wir das zerstreute l 4 cht in euier schragen Beobachtungs- 
ebene und bezeichnen wir die Intensitftt derjemgen Kmnponeute, deren 
elektribcher Vektor in der Beobachtungsebene liegt, nut P, und die Intensitftt 
derjenigen Komponente, deren dektnsdim: Vektor normal zur Beobach- 
tungesbene steht, nut K, so konnen wh sofort ersehen, dass N,, proportumal 
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mit I I* »&t, Nyi proportional mit | E^' |*, P,, proportional init | E^* |* und 
schliesslicli P;} proportional mit ) E^' |* ist 

Aub den Gleichungeii (5) und (3) einerseits und (4) und (5) anderer^eits 
kann man sofort ableiten 


N, 

N/, 



(7) 


Nehmen wir jetzt an, dass das einfallende Eicht unpolansiert ist Dann 
wird der Wert des Depolansationsgrades ftir das zerstreute I<icht im erwei- 
terten Sinne der Knshnan’schcn Dehmton 


Pn 


_ Pt + p* 
N,s+ N, 


welche Gleichung wegcn der Relation (7) sofort ergibt 


( 8 ) 


Diese Gleichung fur deii DeiKilansationsgrad des zerstreuten Eichtes 
bei unpolansiertem einfallenden Eichte kami man als einc auf Grund der 
Mie-schen Theone abgeleiteten Erweiterung der Knshnan’sthen Relation 
(1) ansehen Sie gibt uns den Depolansationsgrad p„ des zerstreuten 
Lichtes bei unpolansiertem einfallenden lyichte in Beziehung mit den 
Komponenten P„ und Nz des zerstreuten Eichtes, die l>ei deni polansierten 
einfallenden Eichte (das m beiden Fillen gleicher Intensitat ist) beobachtbar 
Sind Die Gleichungen (8) und (9) sind auch, wie auf Grund der Ableitung 
sofort zii ersehcn ist, fur schrage Richtuiigen in den sdiragen (also nicht 
liorizontalen •) Beobachtungsebenen gultig Was die experimentellc Bestati- 
gung der Gleichungen (8) und (9) betnfft, so ist dicse dort zu erwarten, wo die 
Voraussetzungen der Mie-schen Theone wemgstens angeuahert erfuUt smd 


]. U. H Krishnan 

2 .- 

8 - 

4 (» Mie 

P Dobye 
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EFFET RAMAN ET STRUCTURE DBS COMPOSES AX‘: 
PENTACHLORURE DE PHOSPHORE 
ET HOMOLOGUES. 

Par mm Henri Moureu, Michei, Magat 
ET 

Georges Wktroef 

(CoUige de Franrr, Parui) 

I IfUroducttoH 

DE toutes les molecules simples les molecules de formule AX' paraissent 
€tre les moms etudiees du point de vue de leurs propn^t^s physiques, ce qm 
tient pcut-otie aux difficultes inh^rentes h leur mampulation EUcs present- 
cat pourtant un interSt tout particulier car une structure moieculaire ayant 
une symetnc d'ordre 5, s'il en existe, pourrait donner heu h des conclusions 
theonques importantes 

C'est pourquoi nous avons entrepns une etude systematique de diverses 
propnetes Spectre Raman et spectre d'absorption. chaleur specifique, etc, 
de ces molecules, etude qui n’est qu*k son debut mais qm permet dejk de 
resoudre certaines contradictions apparentes entre les resultats des auteurs 
anteneurs 

Kous exposerons ici surtout nos resultats conoemant le spectre Raman 
de PCI', enn'indiquant nos autres resultats qu'h titre de confirmation 

II Quelques donnies phystcocktm$qites sur PCI * 

On salt que les methodes dassiques de determination des edifices moie- 
culaires n’ont pas permis jusqu’h maintenant de couclure i une structure 
definie de PCI,* bien que les resultats expementauz ne soient pas contestables 
en eux-mfimes ' 

Ainsi par example, PCI* reagit avec les indenes, h basse temperature 
comme une molecule de forme PG* G, dans laquelle le groupement PG* se 
fixe d’un bloc,* tandis que la reaction avec les indones (elle n’a heu que vers 
IfiO-lSO”) conduit k attnbuer au PG* une forme PG* *G* <*) De mime les 
donnees anciennes sur le point de fusion di£^rent entre dies ' 


> Vtw en poHuulter (« Conmhe de Chvme Soimjf 1931. p 304 (OMithier-Villan, 
pt lea mdmolrea de 1 «wir, Valence et ^rueture dee Atomee et MoUetdee, p lOS 
(firounachwelK, 1927), Ijansmuir. J Ant Chem Sot . 1920, 41. 919, Pndeatue, Chem 
and Ind, 192S, 42, 072 

* Beixinann el Bondi. Ber , 1930, 63, 1158 

» W Hchl“nk et K Barncnaann, 4nn><len, lOiS, 468^ 218; Ch Moarm, llattafaMe, 
Pt Badochn, BaU Soe Chim , 1928, 48, 13SI 

• Prideaux, J. Chem Soe , 1907, 91. 17U ; Btnlth ot Calvert, J 4m Chem. Sin 4 , 
1914,18^ 1363 
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On sait encore que PCI* possdde dans certams solvants un moment 
€lectnque de 0,9 D,* ei que sa constante dielectnque et sa conduchbilite 
sont plus grandes k I'^tat sobde qu’a I'etat hquide,* ce qui est assez excep* 
tionnel pour les conducteurs non-metalliques Les cnstaux de PCI* appar- 
tiennent au systime quadratique ^ 

III Le spectre Raman de PCI * 

Nous avons 6tudi£* le spectre Raman de PG* sobde, bqmde, vapeur, 
ainsi que dissous dans PCI* et CCl* Nos resultats sont consignes dans le 
Tableau 1 

Dans un deuxi^me tableau (2) figurent les frequences de G*, de PG* 
et de POG*, d’aprds les Tables Annuelles de Constantes 

Tableau J 
PCP 


Liqmde 

Soliclo 

Vapour 

Sol cri* 

Sol 

Pt'l* 


1 
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■ 
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Intcnffitc 
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100 
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97 [ 2 

96 


P 

190 

0, 7 (d) 

fl/7 
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248 

4(») 
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163 :t 2 
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6/7 

271 

6,a(») 

6/7 





265 H 3 

287 






366 

367 

10 (a) 



361 

f 
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392 

6,0(m) 
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400 

405 

2(a) 

400 

396 

303 

m 

P 

449 

0,2(d) 

6/7 

460 

460 

fi(«) 





* 

405 

0,2(d) 

0/7 



1 







* Trunri, C R , 1936, Ml. 37. 

■ Himons et Jenop, J, Am Chtm, Roe,, 1931,6^ 1263. 

* P. Grath, Chrnn KntMlagraphie J, p 231 (Tjelpeiit, 1906) 

* H Mouteu, M Mafcat et O. WetroR, C R , 1937, M6.270. 

' * Une ooloane (P K.) eontlont lea doumles relatives 4 I’dtat soUde de P. Knahoa* 
muiti (/nd J. Phy., 1980,5^ 116) quo nous eonfltmons eatttrenient. 
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Tableau II 




C1*g(i/ 

Av t ^ 

TntensiU 

! P 

Av t m j 

Inton'*!!! 

P 

Av tm 

191 

8 

«/7 

1 

189 

1 

10 (4) 

«/7 


207 

6 

P 

1 2<i0 

low 
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H17 

7 

n /7 





4HB 

10 

V 

485 

«(d) 

6/7 
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512 

10 (d) 
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581 

3 

1./7 





I2«0 

n 

1* 






On volt qu’aucune des frequences attnbuables k PCI® ne pent provemr 
de ces trois substances qui, en raison des precautions expenmentales, pour- 
raient gtre k priori les seules impuretes possibles 

lyes donn^es sur le spectre Raman du PCI* gazeux effectu4es k 160®, 
contenues dans le premier tableau, proviennent de I’ktude rmcrophotomktnque 
d'un seul cliche IvCS raies signal^es, k peine perceptibles, sont mdiqu6es 
sous toute reserve 

Ce qm frappe surtout dans le tableau I, e’est le fait que les spectres du 
solide et du liquide different totalement, ausst bien eu ce qui concemc les 
frequences que le nombre de rates observees Nous pouvotis done conclure 
que la structure de la molkcule PCI® est diSerente k I’etat sobde et k I'etat 
liqmde Une expenence, faite au point de fusion mSme, montre une super* 
position des deux spectres I^e changement de la structure moieculaire 
s'eflectue done au moment de la fusion 

A retat dissous, on retrouve le spectre de la forme liquide presque pur 
dans CCl* et le spectre de melange des deux formes dans PD* Enfin la 
structure k I’etat gazeux paralt analogue k celle de I’etat hqmde 

ly’existence de deux formes de PCI* en proportion dependant de la tempe¬ 
rature et du solvent permet de comprendre la possibihte de deux modes de 
reaction chimique de cette molecule (voir II) D’autre part, le fait que la 
transformation s’effectue au point de fusion permet de d’mterprkter un 
phenomkne assez inattendu que nous av(ms observe et dont voici les traits 
essentiels. 
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IV La fusion du PCI* 

Si Ton chauffe lentement du sous sa propre tension de vapeur 

dans une ampoule cellee, la substance fond " normalement ” ^ 169-160®, 
6 C le palier s'etale sur 1®, 5 malgre la purete du corps, et la temperature 
recommence a s'eldver quatid un tiers du produit est encore solide Quand, 
apr^s fusion totale, on laisse refrmdir le corps, on s'aper^oit que le pheno- 
m^ne n’est pas reversible En effet, le palier de crsytallisation s’etablit 
toujours plus has, entre 148“ et 164“C suivant la vitesse de refroidissement 
II ne s’agit pas de surfusion, car, l“/de nombreux cnstaux se forment a partir 
de 167°, 2°/il ri’y a pas de remontee de temperature au moment de la crystal¬ 
lisation massive 

Ce phenomene ne s’exphque m par la presence d'lmpurctes (des. distil¬ 
lations repetees dans une atmosphere de Cl* oil de N* ne changcant nen), 
ni par decomiiosition en PCI* et Cl* 

^’existence de deux formes moleculaires rend fort bien compte de nos 
observations Si Ton admet en effet quc le point de fusion de la forme solide 
est sup^neur & celui de la forme ayant la structure du liquide, c’est la 
transformation d’une forme dans I'autrc qui determine la hquefaction ha. 
" surfusion ” et la " surcnstallisation ” ne sont que des consequences du 
fait que la transformation se fait avec une vitesse finie, infeneure ou au plus 
4gale k la vitesse de cristallisation et qui est en fonction de la temperature. 

Enfin des mesurcs preiiminaires de I’^nergie de fusion donnent une 
valeur de I’ordre de 10 kcal (des experiences beaucoup plus precises sont en 
cours) Elle est beaucoup plus grande que la chaleur de fusion de composes 
viosins SbCl* 1,92 kcal, POCl* 3,02 kcal Cette valeur anormalement 
klev4e conduit done aussi k penser qu’uu ph^nomkne de transformation se 
superpose k la fusion proprement dite 

V Structure du PCI* Itqutde 

Une r^ponse precise pent 6tre donn^ poor la structure du PCI* liqmde ** 
Ees rkgles de selection donnent pour une bipyramide k base tngonale un 
spectre de six raies, dont deux polans4es, c'est-k-dire exactement le spectre 
du PCI* liqmde (nous avons v6rifi4 que le spectre £tait complet et qu’une 


u H. Moureii, M Magat et 0 W4tm(T, C ti . 1030, 808, 257 

W. Fischer et 0 iTubermann, fZ anorg ally Chem, 1038, 888, 837) trnnvent 
100 ± I’ C 

** Toir un m4moire dans le Journal de Ohimie Phvai'i'ia \ parattre prochatnement 
1* H. Moureu, M Magat ct O W4trolf, C It, 1037, 80), 845 



360 MM. Henri Moureu, Michel Magat et Georges Wetioff 

prolongation de temps de pose par un facteur 4 n angmentait pas le nombre 
de rates observ^es) 

l^es deux atomes de chlore des sommets ne sont done pas entidremeot 
Equivalents aux trois chlores du plan de symEtne, qui contient aossi le 
phosphore La dissociation en PCI* et Cl*, et la rEaction avec les indmies 
(it haute temperature), sont done parfaitement comprehensibles (voir aussi 
Kapustinsky”) 

Cette structure n’est pas en desaccord avec la stoicture Electronique du 
phosphore Kn effet, le phosphore possEde comme electrons extEneurs denx 
electrons set trois electrons p Ces trois dermers sont responsables du 
phosphore tnvalcnt Pour que le phosphore devienne pentavalent, un des 
Electrons s doit devemr electron d avec hybridisation, c’est-h-dire S 3 rmEtiis- 
ation des fonctions d’onde des electrons La bipyramide h base trigonale 
prEsente les elements de symEtrie necessaires 

Endn, Monsieur Rouault** a eu I’obhgeance de nous commumquer les 
resultats de ses experiences inedites sur la diffraction des Electrons par PG* 
E I’Etat de vapeur II trouve lui aussi nne structure symEtnque en btpyra- 
mide Rappelons, en outre, que Braun et Pinnow** avaient condu k cette 
mEme structure pour PF* gazeux 

VI La structure du PCI* soltde “ 

Ives conclusions sont beaucoup moms certaines en ce qui concerne le 
PCI* solide £n effet, comme la plupart des corps AX* que nous avons 
Etudies, PCI* absorbe la raie 4358 A de Hg on est alors obhgE d'excitet le 
spectre Raman par la raie 5460 A Cette difficultE supetposEe k cdle inhE* 
rente k tons les solides polycnstallins ne nous permet d'afiirmer, malgrE 
I’accord avec Knshnamurti,* que le spectre obtenu est bien le spectre 
complet De mEme, les mesures de polarisation sont dEhcates et 
incertames 

Nous n’avions d'autre ressource, pour Etayer nos condusions, que de 
comparer nos rEsultats k ceux que donne un composE ayant toutes dutucee 
de posseder la mEme structure que PCI* sohde Nous nous sommes adressE 
pour cela au SbCl* qm, k I'Etat hqmde, prEsente effectivement un certain 
nombre de rates de frEquences trEs proches de cdles observEes sur PG* 
sohde (en particuher la frEquence 366 cm la plus intense, que Ton retrouve 
aussi pour NbCl* sohde—Voir Tableau III) 

“ Kapiwt insky, Z Phyt Chen . B. 1930. S, 72, 

** liBboratolM de M Joan Perrin 

*’ Z Phy». Chtm , B, 1937, 8S, 2)2 
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Ifi SbCl* liquide a d’aillears et6 6tudie par Redlich, Kurz et Rosenfeld” 
qui ont observe quatre taxes et attnbuent & ce corps la structure d’une 
pyramide k base carr6e I<a theone prevoit pourtant pour une molecule 
de Cette symetne neuf rates Raman, mais les auteurs preates ont admis que 
cinq d’entre elles etaient trop faibles pour appaiitre sur leuis cbches 

En photographiant k notre tour le spectre de SbG* liquide, et en sur- 
exqxosant dans I’espoir de faire appartutre les taxes manquantes, nous n’avons 
observ6 qu’une rate supplcm4ntaxre, elle est intense maxs tres prothe de la 
rate excxtatrxce et peut se confondre avec celle-cx sur des clichls k faxble 
dispersion (Tableau III) D'autre part Mademoiselle Kurz^* a montre dans 
sa th^e qu’une des raises observees pr6c6demment etait double, et signale 
I’existence d’une rale 538 cm Ceci montre la complexite de la question 
et la necessite de nouvdles experiences 


Tableau III 
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5 

9 
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3 
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1 

450 

8(h) 
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Quoiqu'il en soit, la structure de SbQ* liqmde et de PG* solide propos^e 
par Redli^ et ses collaborateurs nous semble peu probable 

l«a structure qui nous parait s’adapter le mieux aux faits est cdle qui 
est en accord avec le schema de Langmuir^ un tktrakdre PG*. avec le 
dnquilme atome de chlore en dehors du titrakdre, hk d’une {a$on semi- 
pdaire, c’est*k>dire par une superposition de I’itat iomque PG*K3~ analogue 


» /&i4 , B, 1932,19, 231. 

u T. Khfz, I>iMsrMun Vienne, 1931, Osmininloation pnv^e. 
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h NH*+CLf" et d*uii 6tat homeopolaire oil Tun des cinq electrons jouerait un 
idle different des autres 

tetraedre PCl^ doit donner naissance, comme le prevmt la theotie, 
k quatre raies dont line polans^e ce sont ces quatre rales que Ton observe 
tres aisement dans tons les cliches aiissi bien de PCI* solide que de SbCl* 
liquide Par contre la vibration PCI* Cl doit se traduire par une rate de 
frequence faible eii raison dc la grande masse du tetraedre PO*, et peu intense 
h cause de la liaison lonique Mais la superposition k la haison lonique 
d'une liaison homeopolaire doit provoquer une augmentation de rmteusite 
de cette vibration ainsi que la destruction de certames degenerescences par 
passage dc la symetne X, a la symetrie Cg^, Les deux efiets, non decelables 
sur le PCI® sohde semblent se mamfester sur le SbCl* liqmde on observe en 
dehors des quatre raies corresiiondant au tetraedre une raie de faible fre¬ 
quence (72 cm “^) , la raie 177 cm ^ est dedoublee, et il semble apparaitre 
une nouvelle raic k 538 cm 

La structure que nous proposons pour PCI* sohde (et pour SbCl® liquide) 
est compatible avec la structure quadratique du reseau cristalhn La differ¬ 
ence dc types de liaison entre le sohde et le liquide permet en outre d*expli- 
quer le fait rcmarquable pour un conducteur non metallique que la conducti- 
bihte dn PC1®<** soil plus grande a Tetat sohde qWk Tetat liquide 

VII Moment ilectnque 

11 subsiste unc difFiculte eu ce qui coiicerne le moment Mectxique 
en eliet le PCI* liquide doit, en raison de sa structure symetnque, posseder 
un moment electnque iiul, tandis que le PCI* solide devrait avoir un moment 
electnque important k cause de la forte contnbution de al liaison lonique 
Or les mesures dc Trunel (5) donnent un moment de 0, 87 D en utihsant des 
solutions de PCI* dans CCl* a temperature ordinaire, pour lesquelles Teffet 
Raman nc laisse apparaitre que les raies correspondant k la structure du 
PCI* liquide On calcule le mSme moment a partir de I'lndice de refraction 
ct de la constante dielectnque du PQ* liquide et un moment legerement 
supeneur a partir de ces momes donnees pour le solide, en supposant que 
toutes les molecules de sohde puissent s*onenter librement dans le champ 
electnque Comme cette hypothese est surement erronfie dans le cas du 
sohde avec des molecules k fort moment electnque, le calcul sur le sohde ne 
peut donner qu un moment electnque 'apparent, le moment r^l devant 6tre 
sensiblement plus eleve 

Pour expliquer ces anomalies on est conduit k admettre qu'en phase 
homogeue, c est-k-dire a Vetat liquide ou en solution, il existe un ifetat 
d equilibre entre les deux formes correspondant aux structures " solide et 
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" liquide'' du PCI*, 6quilibre qui dort fitre fortement d£plac6 en faveur de 
la forme liqmde Ivc moment electnque mesore serait done le moment 
" apparent ” du melange I^e calcul montre alors qn’il suffit de la pr^ence 
de 3 % de molecules possedant un moment de I’ordre de 6 D , dans un milien 
k moment electnque nul, pour que le moment apparent du melange sort de 
I’ordre de 1 D 

Cette hypothdse d’uu etat d'equtlibre, que nous nous proposons d’ail- 
leurs de verifier dans de nouvelles expenences, apparait toute naturelle 
puisqu’il ressort implicitement de nos travaux qu’il doit exister a 160“ un 
point de transformation pour le PCI® 

VIII La rotation Itbre 

Nous avous niicrophotometrc les raies 271 et 392 cm du PCI® liquide 
avec difierentes demultiplications du microphotometre Tandis qu'a faible 
demultiplication les raies ont I’aspect de courbes de Gauss, k grande demulti- 
plication on voit apparaitre des maxima secondaires, correspondant aux 
branches de rotation (voir cliche 1) Ces maxima sont deux fois plus ^artte 



tliohd 1. 


de la branche Q pour la vibration d^olans4e que pour la vibration polans4e, 
comme le prkvoit la th^orie de Teller et Tisza ** L’4cartement est d’autre 
part trop grand pour pouvoir s'expliquer par I’effet des isoptoes de chlore 

Z / Phenk, 1932, 73, 701. 
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En comparaiit ces ailes de rotation avec les coorbes theoiiques ^taUies 
pour les molecules polyatomiques i I’^tat gazeus par Flazcek et Tdler,** on 
constate que la position des maxima est bien compatible avec I’ordre de 
grandeur du moment d’lnertie calculable h partir de notre module Par 
contre, il ne nous a pas ete possible d’ajuster la forme des courbes thionques 
de mam6re i determiner le rapport des moments d’lnertie En particnlier 
I’lntensite des branches antistokes parait 6tre plus faible que celle pr4vue 
par la theorie qui n’est d’ailleurs valablc que pour les gaz 

Dans le spectre du solide les bandes Raman sont trop faibles pour que 
Ton puissc analyser leurs structures, on a done etudie le voismage de la rate 
excitatnce Ee cliche 2 montre nos resultats pour deux temperatures difffer- 
entes, 30 ct ISO" II senible bicn qu’une rotation apparaisse entre ces deux 



150“ (' 

OIUW 2 

lemiieratures, la bande antistokes ne se mamfestant qu'k la temperature 
supeneure I/analyse thermique a d’alileurs fait ressortir la pt&ence dans 
le PG® solide, vers 115°, d’un point de transformation de denxieme ordre, 
qui correspond probablcment k I’appantion de cette rotation * 

IX Spectre Raman de NhCl* el de TaCl' <«> 

Nos recherches ont ete etendues k d’autres chlorures de la mkme serie 
De ces experiences qui ne sont pas encore terminees, nous d£tachone sim|de- 
ment les premiers resultats relatifs aux spectres de NbG* solide (le hqmde 
fortement colore en rouge inarron n'a pas pu fitre £tudie) et de TaG‘ hqmde 
De spectre de NbG* solide est tres voisin de cdui de PG* scdide, sa stmetnre 
devrait done 6trc analogue, ce qm n’a nen d'^tonnant etant donn£e sa 
configuration electronique (electrons ext^eurs 4 6 sM 


* Ihid . 1033, SI, 200 

** avee M. Pierre Stte 



DURCHRECHNUNG EINIGER AUSGEWAHLTER 

molekCl-mogelle. 

By Otto Burkard 

(177, MiHdluwi out dem phymkahaehen TnMUut Her TechniKhm HocharhuU (tm ) 

(Mit 9 Text-PiRuren ) 

Eb werden Frtuinenir, flthwinKnngB-Form und Energie-VortcilnnK fUr die elienen 
Hohwin^iivKC'n einiger VaJenzkraft-Systnme in AbhdngiRkeit von den Ifndell-KonBtanten 
(Afnssen, Winkol, Finlerkrafte) hereclmefc In Tabellen and Figuren nerden dio FrgeL- 
niBBe fUr die folgenden Modolle niitgcteiit 1,3, 6-iiubBtitulepte« Benzol CoXj, tetM- 
RubstituicrtoH Aethvlen X^O OXj, «ij»-und traM MibstitiiierteB Aethvlen X <’ C X, 
Phosgen-TAiius X*CO X 

I DBK MolekUl-spektroskopikei wird bei der vei^exchenden Betia- 
Schwingungs-spektren von rauntlich gleichaitig gebauten Mole- 
klilen (Beispiel H»C H*C X mit X = Q, Br, J) mmer wieder vor die Not- 
wendigkeit gestellt, sich emen Ueberblick daruber zu verschaffen, wie sich 
beim zugehongen Modell die Frequenzen bei Variation irgend ernes der 
Modell-Parameter andern Dabei sind die Prequenz-Quadrate als Wurzeln 
von Gleidiungen meist hoheren Grades (je nach der Zahl der Schwingangs- 
formen, die zum gleichen Symmetne-Typus geboren) zu bestimmen, dereto 
Koeffizienten haufig unubersichthche Funktionen der ModeU-Konstanten 
(Massen, deren rdumliche Verteilung und die sie zusaminenhaltenden Feder- 
icrdfte) smd Tlaher stosst schon bei einer Frequenz-Gleichung von nur 
zweitem Grad die allgemeine diesbezughcbe Diskussion atif Schwiengkeiten, 
bei Gleichungen von huherem als zweiten Grad dbrfte die direkte nninensche 
Auswertung, so lastig und zeitraubend sie auch sein mag, immer noch schnel- 
ler zum Ziele fubren, als die allgemeine Bebandlut^, scheme letztere dberhaupt 
durehftihrbar ist 

Dies war der Grund dafur, daS im biesigen Institut die systematiscbe 
Durchrechnung einfacher Modelle durcbgefbhrt wurde, wobei Frequenzhohe, 
Schwingungs-Form und Verteilung der potentiellen Energie auf die einzelnen 
Bmdungen zu bestimmen waren, alles als Funktion passend gewSblter, 
vanierender Modell>Parameter (meist der Substituenten-Masse) Dabei 
wurden so eigenartige und oft ganz unerwartete Ergebmsse erhalten, daO 
ihxe Verofienthdmng gerecbtfertigt s«n dtkrfte Em Teil der Resuhate 
wurde schon in frfiberen Fubbkationen gelegentlich verwertet; dber die der 
Zdt nach ersten Rechnungen wird im Polgenden benchtet In alien PftUen 
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handelt es &ich dabei urn “ Valenzkraft-Systeme und um die m der ModeB- 
Ebene ausgefulirten sog “ ebenen " Schwingungen 

II Dte totals^ffnmetrtschen Schwtngungen des Modelles von 1, 3, 5- 
substiluierten Benzol {ohne H-Atome in Siellung 2, 4, 6) Die bekannte 
Tatsache, daO die Schwmguiigb-Spektren von syram CeHsXg eine ganz 
dberraschcnd lagenkonstante starke Lime um 1000 cm aufweisen, wurde 
von K M I* Kohlrausch^ in gaii/ allgemeiner Weisc erkldrt und letztlich und 
schlieflhch darauf zuruckgefuhrt, daS schon im mcht substituierten Benzol 
CgHe zwei trigonal symmetrisdie Schwingungen infolge der speziellen dyna- 
mischen Verhaltmsse die nahezu gleichen Frequeiizen 992 und 1008 aufweisen 
Es war nun von Interesse nach/usehen, emerseits inwieweit die modell' 
ma/3ige Beschreibung diesen verhaltnissen quantitativ Rechnung tragen 
kann, andererseits, wie die Schwngungsform beschaffen ist, die trotz zwei- 
fellos eintretender Veranderungen doth stets zur selben Krequenz fuhrt 

Die von Trenklet^ abgeleiteten Frequenzformeln fur die drei trigonal 
symmetnscheii Schwingungen des Modelles lauten (n,* - 6,86 10'*w^*) 
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Ueber die Zuordnuiig der Zeichen !•', f, D ta den Pedeikriften, M, M', m zu 
den M'lssen dcs Modelles vergleiche Figur 3 Zur Auswertung obiger Formeln 
wurden die folgendcn, den Verhaltnissen un Moldcul angepassten* Zahlenwerte 
verwendet P 7,05, f =4,45, D =0,65 10‘ Dyn/cm, M = 13 (entspre- 
chend C + M), M' --12, m =\anabcl Die Besonderheit der hrer obwa- 
tenden Verhaltmsse erhellt z B daraus, daO sich das Rechnen mit funfstelhgen 
Logarithmeii als unzulanglich erwies und dad sclbst die Genauigkeit von 
sielwnstelligen lyogarithmen in den besonders empfindlichen PdUen nut 
m < 1 nicht hinrcichte (D;r zur Auflosung der kubischen Gleichung 
cmzufuhrende Wmkel-cosmus wird grosser als Eins) Die Ergebmsse der 
Rechnung siiid zahlenmassig in Tab 1 und zeichnensch in den Piguren 1, 2, 8 
zusammgestellt 


* K W P KohlraiiHih. An(unef«<i, 1037, M, 63.1 

* F Trenklrr PhynUkal Zbtehr 10.16. 87, 838 

^ “ Boricht Uber dteSpektren der Beniol-Derivate,** PhyOcal. 

Zlsthr , 103 «, 37 , 58 
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Tabeiae I 

Frequenz-Werte sowte Polenttal-Antetle dcr FederkrajU F. f, D fur dte 
total-symmetnschen Schwtngungen des ModeUes CaX, 



€t} 

Fig 1 


Dio Fioqnoiuen Wi, wit Uit (ter tiigonal synuuetruchen Schwingangofomieii von 
1, 8, 6-C(Xi m AbhAnglglMlt van dor Marne w dee SutMttiaenten X (vtdl auagoaoRene 
Suwen). Die Bigenfiequms Wo ~ der HubatitaenteaMndung liegt auf der 

poaktierteB Kurre. 
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Fig 2 

]>jc» pra/jntunllon Anti'ile t (F) fvoll v (/) [|B^*8tiiclielil, v (D) [pufik- 

tioHl der (h»0amt-Ktu>igi(s dir auf die BranapmcKun^ drr Frd&ikt&ftc 1*\ jy D je^ailci 
verwendet werden 



Fio 3 

f’ <*‘^•*'*"8®“ Schwingunggtonnen (schematlilert, danich die mdum 
OttiSenverhaitnliMe der dmplltudea mit Miottoenaohen Mm44n keum danteUen iMimt). 
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Aus Tab 1 und den Kiguren 1, 2, 3 best man ab 

a>i varnert fbr m —0, bezw m — 1, bezw »« = eo von to ~ oo bber 
to = 2884 bis to = 1316 , fur kleine Massen m (m < 3) steckt (vergl Fig 2) 
nahezu die gauze Energie der Schvnngungs-Bewegung in der Feder f, so daQ 
hier Ml fbr die Substituenten-bindung " charaktenstisch" ist. dements- 
sprechend verlduft bier die Kurve fur ti>| (vergl Figur 1) parallel nut der die 
Kigenfrequenz lOg der CX-Bindung bescbreibenden punktierten Kurve 
Die Scbwingungsform bleibt fur alle m im wesentbchen die gleicbe R| ist 
(vergl Fig 3) stets in Gegenphase nut R, und R^, deren Elongationen nut 
zunehmender Masse m abnehmen 

tOf varuert fur m = 0, bezw «* = 1, bezw ~ oo von to - 1006 uber 
to — 1000 bis to = 0 Fur kleiuc Werte von m handelt es sich im wesent- 
bcben um eine Valenzchwingung des Ruiges C,. da nach Fig 2 der Haupt- 
Teil der Energie fur die Beanspnicbung der Feder F verbraucbt wird. fur 
m — 1 wird daher fast niclits an den Wmkeln geandert, das heisst, es handelt 
sicb um einc fast (fur m — 0 um erne vollkommen) reine Pulsationsbewegnug 
des Cf-Ringes Auch bei aig dndern sidi mit zunebmendem m nur die 
Ampbtuden-, mcht die Phasen-Verhaltnisse, erstere allerdings derart, dad 
(vergl Fur 2) fbr groSe m niehr Eneigie auf Wmkel-alii auf I<angeu-Aen* 
derungen aufgewendet und dadurch allmahbch der Charakter einer Defor- 
mationS’Scbwingung eneicht wird 

M| varuert erstaunbch wenig und bleibt fur nt > 8 bberhaupt konstant 
Fbr kleine Massen m handelt es sich nach Fig 2 um eine fast (fur m — 0 um 
eine vollkommen) reine Defonuationsschwingung, da v(D) den Hauptanteil 
der energie darstellt Fur m -^oo wird etwa gleichviel Energie in v (F) und 
V (D) vorgefuuden, wdhrend v (f) versdiwindend klein ist Die Variation 
des Substituenten bewirkt eine Verbnderung der Sdiwingongsform (Fig 3) 
und damit eine verscbiedene (beinahe '* komplementare ”) Beanspnicbung 
(Fig 2) der den Ring cbaraktensierenden Federicrdfte P und D Die Elonga¬ 
tionen Ri und R| smd zunkebst gegenphasig , fur tn — 7,49 wird Ri 0, 
fbr m > 7,49 wird Ri mit R| gleichphasig, aber vemachlassigenswert Idem, 
80 dad f unbeansprucht bleibt 

Man wird zugeben mbssen, dad es sich hier um em mteressantes und 
lekrreicihes Schwmgungs-Beispiel handdt 

III Die Raman-afUtvm ebenen Schmngimgen {Sym Typ Big) 

des Modells fhr vter/ach subsMmertes Aethyten CX^ Die fur em 

Valenzkraftsystem vom Aethylen-Typus gultigen Formeln smd im Eigan- 
zungsband des SRE p 73 angegeben Es wurden die Frequenzen, die 
rdativen Amplituden und nut Hilfe der letzteren die prozentuelle Aufteilung 
der potentiellen Energie berechiiet, die auf die Distanz-erhaltenden Krbfte 
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F und / bezw winkelerhalteudeii Krafte D = 2 </, + -X? d, und dj entfallen 

(Bezuglich der Zuordnuiig der Symbole F, /, di, Si, s^, M, tn, vergletche man 
Pigur 6) Es warden die folgenden, dem Spektrum des Aethylens sdbst 
moghchst erne vollkommene Anpassung ist mit verntinftigen Winkel-Werten 
iiicht moglich- angepassten Zahleiiwerten gerechnet, F = 8,94, / -= 4,86, 
D = 1,20 10*Dyn/cm , d, - d,, s,i - 1,1, s, -= 1,34 lO-" cm , 2 ^ = 110®, 
M = 12, m = variabel Die Ergebmsse sind zahleiimassig m Tabclle 2 und 
zeichnensch in Figur 4 and 5 ziisammengebtellt 

Tabelle n 


Frequem-Werte sowte Poienttel-Antetle der Federkraft, F, /, D der ebenen, 
Raman-akhven Schwtngungen des Modelles Xf/O CXg 




w 1 

tn ^ 2 

til - 8 

m — 15 

tn - )« 

tn. — HO 

m oo 


to ~r 

2989 

2208 

1854 

182) 

itno 

1800 

1796 


v(P) 

2 98 

17 30 

68 04 

74 00 

77 05 

78 30 

78 95 


' (f) 

97 00 

80 45 

24 85 

18 86 

15 86 

14 80 

14 02 


t'(») 

0 45 

2 42 1 

7 12 

7 24 

7 18 

7 14 

7 00 


w - 

1733 

1533 

919 

081 

443 

298 



v(V) 

51 45 

62*95 

21 20 

18.17 

13 72 

13 39 


a>. 

t'(f) 

2 08 

10 40 

74 05 

M) »5 

83 65 

82 18 



. (1>) 

45 55 

17 70 

3 03 

2 92 

2 45 

2 38 



W ^ 

1260 

043 

481 

352 

228 

154 



t (V) 

45 75 

19 90 

10 87 

0 98 

8 99 

7 40 



»(f) 

0 48 

0*27 

0 10 

0 15 

0.14 

0 12 



• (3>) 

53 95 

79*75 

j 89 00 

90 00 

1 90 98 

92 5.5 



OJ -■= 

3045 

2281 

* 1526 

1394 

1308 

1275 

1249 


»(E) 








1 

tt/tf 1 

v(l) 

99 05 

96 05 

81 20 

72 85 

65*40 

62 55 

61 0 


M») 

0 95 

3 25 

18 80 

27 15 

34 60 

37 45 

39 0 


ti) 

U55 

mmm 

_ 

|H| 

468 

316 

215 



i(V) 







* 

i 07 

»(f) 

1 00 



27 00 

84*8 

37 45 



*'(d) 

99*00 

EH 


73*00 

66 2 

62*56 
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Dift Frequonsrn cui> eua der totakymmebnschen (Typim voll audgezogene 
Kurven) und mr der ebcnen, abor mnak> aBirnymmeinwhin (Tvpua gestncbelte 
Kurven) BchwinRungen von X 4 C * CX^ in AblUlngiRkeii von doi Masse m dee Bubsti- 
tuenton X Auf don punktierten Kurven liegen die Eigenfrcqnenzen coo 0 ) dor 
Doppelbindung bozw die drei Eigenfrcquenzon tonf <i>rr» CDs der CXa-Oxiippe 

Aus den Piguren 4. 6 und aus Tabelle 2 fdlgt 

CO} Fiir Icleine m ist <i>i charaktenstisch ftu die symmetnsche Valenz- 
frequenz der CX|-Gruppe (i'(f) ~ 90%) fur grofiere steckt der Hauptanteil 
der Eneigie in der Boppd-Bindung, dh wi wird charaktenstisch fQr die 
C: C'Bindung 

01 , Ftlr kleine m ist a, zu gleichen Teilen C C-und Deformations- 
Schwingung, fhr mittlere m verl&uft die wg-Kurve ungef&hr paralld mit, 
der punktierten Kurve fhr die Valenzsdiwingnng at, (CX,) 

Dem Gauge von wi und co, entspricht es, wenn als sogenannte " C C 
Frequenz ” beobachtet wird Fiir H,C CH,, at » 1623, fiir ]},C. CD, 
at «1516, diese beiden Werte gehoren zur oirSdiwingung FQr (H,C), 
C: C (CH,)„ at » 1676, fiir 0,0 * CO,, at »1569, die beiden letzten Werte 
gduiren zur «>, aiSchwingung Zwischen D^*CD,usd (H^),C'C (CH,), 
fittdet daher scheinbar ein Sprung der C C-Frequenz zu hoheren Werten 
statt 
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Fra. 5 


1)>c 7u den Fi'efjueDxon toi, <ii|. w^t tut> tar der Fig. 4 Kehorigen Rchwingnugstonaeo 
(HLlieniatiMiPil) ftlr die FAIle m >« ], m >■ (i, w •« so 

< 0 * Fur kleine Wertc von m handdt es sich um eine “ gemischte ’’ fflr 
grofie m um eine reine Beformations-^hwingong, die nach ihrem Frequoiz- 
gang als charaktenstisch fur die symmetnsdie Defomiations*Schwhiguiig 
“w (CXt) der CXfGruppe angesehen werden kann 
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w, l''ur kleiiie m enie reinc Valettzschwingung der CX*-Grappe [v (/) 
> 80 %] mid infolge ihres mil wa (CX,) parallclcn Verlaufes fur die CXt~ 
Gruppe charaktenstisch l-’ur groBe m ist dies nur mehr in grober Naherung 
der Fall 

o), Fur kleine m eine reine Befoimations-Schwingung [v (d)> 80%], 
spater eine gemischte Schwingung Aus> Sj'mmetrie-Grundeii darf bei <», und 
w, die Feder F nicht auf Uehnung beansjiruclit wcrden, dalier ist m Iieideu 
Fallen fur allc m-Werte v (F) = 0 

IV Die ebenen Ketten-Sckwingungen von cts-und irans-suhsMutertem 
Aethylen X C r*X Die Frequenzgleichungen fur diese beiden Falle wurden 
zuerst von Lechner abgeleitet, man iindet sie zum Beispiel in S R E Erg Bd 
p (57/68 Sie wurden ausgewertet fur F — 9,36 • 10 ®, f -- 4,68 10 ®, d — 0,4 10 ® 
Dyn/cni , 13 180 a - 55“ , M -13 («.ntspredicnd C -l-H), m variabel 

Ueber die Ergebmsst vergleiche Tabelle 3 und Figur 6 , Schwingungsformen 
z B m F'lgur 8 

TabeixE ni. 


Dte Frequenzen der ebenen Ketten-Schmngungen des Modells von cts- 
und trans~ subsMmertem AtdhyUn XC CX 


1 


m — 1 

m ^ 2 

m -8 

m — 15 j 

m — 36 

m - 80 

m 00 


CO, 

2946 

2195 

1697 

1671 

1658 

1054 

1650 


CO 2 

1558 

1612 

1110 

926 

7b0 

693 

6)2 

CM 


827 

ri02 

308 

21i 

165 

124 



C 04 

20U 

2161 

1287 

HID 

002 

942 

903 



1027 

838 

035 

660 

503 

466 

427 


co'i 

2947 

2107 

1079 

1665 

1653 

1649 

1646 



1560 

1626 

1187 

1034 

932 

893 

862 

rran« 


990 1 

705 

537 

435 

304 

210 




2932 

2146 

1270 

1071 

914 

845 

784 


co's 

867 

627 

371 

313 

267 

247 

220 


In Bezug auf wx sind cts und trans praktisch ununterscheidbar, flir 
kleine m ist cui bezw ux' charaktenstish fiir die Bindung CX, flir groQe m 
charaktenstisch fiir die C . C-Bmdung, deren Eigenfrequenz <«, auf der punk- 
tierten vertikalen Geraden hegt Ebenso ist m Bezug auf <ot bezw <>>«' der 
Unterschied zwischen cis und tram nur genng, da < 1 * 4 ' ~ V//p 1 st, 1 st diese 



374 


Otto Burkard 



Fro a. 

Dir Frequonzen der ebenen Kettcn-SobwinfiCungon von X O C X bet 
vanabler Moaae m des SubRtituenten X. 

CTB-Form • aymm. ■■■ ■—- , antlsymm - 

trttn»-Form Hymin. wx ft»a'i«»»'— •— •— •—: antisymm «4.' Wj' — • •—• •— 

Frequcnz identisch mit der Eigenfrequenz der C*X>Bmduiig Bei a>t bezw 
( 0 ,' ibt der Unterschicd zwischen beiden Formen schon merklich, fur Ideine 
ni sind diese Frequenzen fur die C C-Bindung diaraktenstisch Dem 
Frequenzgang von cui uud wi (to/) entspridit es, wenn im Mdddil-' 
Spektrum von DHC CHD fur cts und tram at' = ca »1667, dagegen m 
HgC HC CH'CHg trotz schwererem Substituenten hohere Werte gdEunden 
warden Der Modell-Rechnung entspridit es jedoch mcM, dag in Dimethyl- 
aethylen die cis Form mit at = 1668 eine merklich niedrigere C. C-Frequenz 
aufweist als die /rans-Form nut at' 1674, auch die starke Bmiedrigung 
auf at, = 1686 bezw atj' x 1676 in Dicfalor* und atj » 1684 bezw at/ >■ 
1578 in Dibrom-aethylen entspncht mdit der Iiloddlrechnung Hier dfiifte 
eine iVendetung in der Konstitution der C C-Bindung eingetreten sem 

Der st&rkste Untersclued zwischen cts und tram stdlt sidi bei den tiefen 
Deformations-Frequenzen aig und atg ein fur cts ist atg > atg, fflr tram (wenn 
man von den Substituenten mit groQem m absidrt) umgdkehit w'g <aiV 
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V Tht ebetien Schmngungen versckteden gemnkdter Vierer-Kriten nut 
konjug^erter Doppelhndung 0 HC CH 0 Mit den gleichen Frequenz- 
Formeln me im vorhergehenden Fall (SRE Eig Bd p 67/68) wurde 
folgendes Beispiel gerechnet F =4,45, f =10,0, d= 0,4 10* Dyn/cm, 
M = 13 entsprechend C + H, m = 16 entsprechend 0, 0 ™ 180 — a 
vanabel zmscheii 0° (Imeares System) und 90“ Eigebmsse m Tabelle 4 
und Fjgur 7 und 8 

Tabei4*E IV 


Frequenz-Werte und Potential-Antetle der Federen fur dte ebenen Schmngungen 
versckteden gemnkdter vterer-Ketten nut konjugterter Doppdbtndung 


cuf form 

hnear 

trant form 

m 

m| 

m 

■ 

m 

■ 

/S-=30» 

/5 = 80“ 

jS=90" 

m2 

1625 

1734 

CI>1 

1776 

CO,' 

1736 

1640 

1583 

100 

84 6 

74 G 

1(f) 

72 0 

• d) 

74 8 

81 0 

01*7 


16 3 

25 4 

v(F) 

28 0 

•.(F) 

24*8 

12 5 

0 2 


0 1 


(«d) 


•.(d) 

0 4 

2 5 

0*1 

HOC 


762 

(0, 

A29 

coa' 

518 

417 

352 



24 7 

Mf) 

28-0 

•(f) 

13 6 

8 4 

4 9 

90 0 



1(F) 

72 0 

•.(F) 

29 0 

13 0 

4 9 

4*5 

B 

■Di 

t (d) 


t'fd) 

67 4 

78 0 

90 2 

202 

1 217 

264 


308 

CO#' 

308 

308 

308 


1 0 4 

0 9 

r(f) 


• (f) 




60 

4 6 

3 8 

«(K) 


*(If) 




95 0 

95 0 

96 3 

*-(d) 


• (d) 

100 

100 

100 

1682 

■QQIIIIH 

1554 

«4 

1542 

m't 

1542 

1512 

1542 

M 6 


98 2 

v(i) 

100 

• (f) 

100 

100 

100 


m 


•.(F) 


r(F) 




6*4 


1*8 

t.(d) 


• (d) 




424 

667 

672 

tt>i 



860 

1045 

1106 

5*6 

4 8 

1*9 

• (f) 



U 5 

0 0 

0*9 

j 



• O') 



45*4 

74 0 

94*8 


85 2 ’ 

i 

98*1 

r(d) 



48 1 

19*4 

4 

4*3 
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tm m ttf m m JO! m m m *m am «» m ^ 

Kia 7 


Die Froquenzon d *i ob-'n-'u Vlei^r-Kett * O HTP 0 1 O 
beim Uobei*R»n|yf /wiRehon den Formon 

H 

im lin'iT ini}}'* 



rw Form Rvmm. o>i« cos* oin , antieymm comOIs —-- 

/w««-Fomi oia'—•—* — i nntinymm oii't oin'— —• 


Im Allgemeinen ist zu diesem Modell und zu der Auswirkung seiner 
Verdnderung auf das Schwingungs-Spektrum za bemerken Die spektrale 
Verschiedenheit der cts- und /ratts-Form dussert sich in Fignr 7 dann, daS 
deren untere und obere Hklfte nicht symmetnsch beziighch der Achse 
0 0 smd, am genngsten ist der Untersdued wieder zwischen w, und wi' 

bezw zwischen und ui/ Beim Durchgang durch 0=0 tritt, abgesehen 
von <i>i und Wf, eine sprunghafte Aenderung in den Auswahl Regeln ein, 
diese smd in Fig 7 und 8 durch die in Klatnmern beigesetzten Zeichen p 
(polarisiert), dp (depolansiert), v (verboten) angedeutet 





as tjifns 
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^z(PJ 








(P) 

j|r 

leMp! 

M 




u 

JJ 

u 

^(p) 

(t>s(dp) 

a}^(dp} 


Kia 8 



{p} 


u 


HchotnatUierte Hchwingunga-Formon «u den Prequenzen dnr Fix 7 


Im Enizelnen sei auf Folgendcb vermesen Bei o>i, cat wird der 
charakter als Valcnz bezw Deformatiuns-Schwmgung uuabhangig von 0 
beibehalten , wt dagcgeu gehort in der as und Imearen Form zu emer vorwie- 
gend die Bmdung C‘C beanspruchcnden ValenZ'Schwingung und wird in 
der trans-Form zur Deformations-Schwingung ca', Umgekehrt gehort 
a>s in der cts —und linearen Form zu einer Deformations—Schwingung und 
geht in der /rms-Form bei grosserem Q uber zu der die Feder F (C C- 
Bmdung) beanspnichenden Valenzschwingung wt' Bezuglich der entarteten 
(e) Sehwingungen des linearen Systemes mit den Prequcnzen ca, (v) und cu, 
(dp) beachte man ferner Wird das lineare System m die c»s-Fomi deformiert, 
daun spaltet ca, auf in ws {ts, p) und eine Rotations-Frequenz, wahrend ca^ 
aufspaltet in wg {cts, dp) und in eine mcht-ebene Schwingung a»( (cts, dp) 
Wird aber das Imcare System m die /nns-Form deformiert, dann spaltet 
utt auf in ca^' (trans, v), und die nicht-ebene Schwingung {trans, v), wdhi'end 
dig aufspaltet in cat (trans, p) und eine Rotations-Frequenz 

VI Dte ebencn Schwvngungen emer vermetgten Vterer-KeUe vom Typus 



Die ebenfalls erstmalig von Lechner abgeleiteten Frequenz- 


Fontaeln findet man z B. m S.R B Exg Bd p 68, dort auch in Figur 8, Nr 
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12 den Typus dei Schwingungsformen fur die drei totalsjrmmetnsdien 
Schwingungen aii, Wf, ta, und die zvirei ebenen antisymmetnsdien 0 * 4 , 014 
Berechnet wurde die Spektrale Empdndlichkeit des Systems gegen Aender- 
uttgeii der P'cderkrkftc und ft,, des Winkels 20 und der Massen, 

Die Kigebmsse sind in den Tabellea 6 , 6 , 7 und in Figur 9 


mg 



tnt’= 16 
mi=s 12 

D 0,384 lu* Dyn/cm, 
d = 0.26 10« .. 


Tabbixe V 


Freqttenz-Werle der ebenen Schwtnguugen des ModeUs X CO-X bet 
Vanatum der federkrafi /i,i hem /i,a 



* 1.1 = 9 

1 

* 1.1 = n 

*,.,-13 

* 1 .. = '5 

*1.» = 2 * 

fjl g 3*8 

*,.,-6 6 

a>i 

1625 

1 

1767 

1900 

S024 

1673 

1712 

1756 


733 

1 

744 

751 

7.57 

560 

745 

862 

Wt 

406 

407 

408 

408 

368 

402 

408 

6>4 


1136 


882 

1133 

1340 



302 


346 

362 

308 


fj,, «. 3*84 10», m, » 15 i S/3 » HO* f,., = 10 26,10» m, » 15. S/3 > 110* 

Am einfachsten liegen die VerMltnisse, wenn nur die Federkraft 
vaniert wiid (Tab 6 ), vorausgesetzt, daS sie groO Ueibt gegentlber 
Die antisymmetnschen Schwingungen c» 4 , 0*4 sind aus Symmetne-GrOnden— 
die Feder f,,, darf bei ihnen nicht beanspracht werden — frequenz-unabhangig 
von Fiir die symmetrischen Schwingungen zeigt die Redmung, dafl 
die Deformations-Frequenz 014 fast gamicht, die Valenzfrequenz ut nur sdir 
wemg von abhangt. So daS die Auswirkung einer Variation der 
starken Feder £ 1,4 im wesenthchen die " C O-Frequenz ” a»i betriift, die 
uaheztt hnear mit zummmt. Von der Verftnderuiig der Federkraft fj^a 
werden dagegen alle Frequenzen betroffen (Tab 6 ), un weningoten ftiidem 
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sich die Deformations-frequenzen at^ und «it|, am st&rksten die Valenafre- 
queozen ctij und oif, deren Quadrate wieder nahezu Imear nut fx,i zundunen 


TABEIiE VI. 

Variation des Wtnkels 2/3 tm ModeU X -CO -X 



II 

0 

' 2/3 00 ° 

wm 

2/3 = 100“ 

2j3 => 110° 

2/3 == 120“ 

2|3 180“ 

! 

oil 

187G 

1816 

1755 

1734 

1 

1714 

1004 

1634 

cu. 

861 

830 

Hll 

798 

1 

786 

763 

711 

Ol, 

.^0 

301 

380 

307 

400 

420 

473 


711 

074 

1128 

1174 

1216 

1253 

1351 


606 

460 

305 

376 

368 

357 

351 


f,,j -.10,0 10*. f ,.5 - 4,4fl*I0»,ni,15 


Die Verdnderung des Valenzwinkds 2 8 der CXa-Gnippe wukt sich auf 
alle Frequenzen aus, wie Tabelle 6 zeigt und zwar am stkrksten in dem 
praktisch wichtigen Winkel-Intervall von 2 0 = 80° bis 2 0 = 120°, 
Oil, eu,, o>i nehmen mit zunehmendem Winkel ab, 0*4 und (uj nehmen zu Bei 
2 0 ~ 100° uberkreuzen sich die Kurven der nicht rassengleichen Deforma- 
tions-Schwingungen <03 und < 0 ^, unterhalb 100 ° 1 st daher m, > 0 * 3 . oberhalb 
100 ° 1 st cs umgekehrt Von besonderem Interesse 1 st es, daO die "CO-Fre- 
quenz *’ mit abnehmendem Winkel 2 0 wdchst. denn es foigt z B daraus, 
daO die in den esocydischen Ketonen Cydohexanon -*■ Cydopentanon —^ 
Cydobutanon beobachtete Krhohung der CO-Frequenz von 170S auf 1733 
und 1774 mindestens zum Teil auf die mit abnehmender Ringgliederzahl 
eintreteude Abnahme des Winkds 2 0 zurhckzufiihrcn 1 st Aus Tabelle 
6 foigt, daO em Frequenz-Untersdued von 1786 (90°)-1714 (100°) = 41 cm-* 
( ~ 2*3%) m dieser Art erkl&rt werden kann 
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Tabew^e VII 


Frequenz Werte und Potential Antetle der Federkr&fte fkr dte ebenen Schmn- 
gungen des Modells X CO -X bet vanatton der Substttuenien-Masse 




JJl j 1 

1 

>«i = 2 

tn^ 6 25 

m, — 15 

m3 ^ 30 

mj - 80 

tn^~ 00 


a) " 

2801 

21.10 

1764 

1714 

1702 

1698 

1695 


^ (^1,2^ 

] 05 

13 08 

70 0 

81 0 

83 9 

84 86 

85 5 


’ t) 

07 8 


23 06 

14 18 

U 42 

10*36 

0 00 


,(») 

0 24 

1 28 

3 92 

3 69 

' aw 

3 52 

3 48 


*(d) 

0 08 

0 42 

1 28 

1 20 

1 *16 

i 14 

1*13 


CO ^ 

1638 

1510 

1086 

785 

013 

540 

470 


(^1,2) 

60 8 

78 7 

24 8 

17 6 

16 48 

14*88 

14 la 


’ (^i.a) 

2 20 

ir>«6 

75 2 

81*0 

75 6 

68 2 

58 4 

»(i>) 

21 1 

5 84 


1 27 

6 87 

12 75 

20 53 


•'(d) 

6 88 

1 02 


0*42 

2 14 

4 U 

0 60 


CO ^ 

1260 

943 1 

570 

400 

287 

202 




! 28*1 

9 52 

4 20 

2 21 

0 76 

0 21 


w. 

« (*1 ») 

0 06 


0 84 

4*56 

13 02 

21*2 

31 70 

l(l>) 

ri4 A 

08 40 

71 « 

70 50 

05 00 

69 3 

50 00 


V (d) 

17 78 

22 30 

23 32 

22 96 

21 20 

10 22 

17 18 


<0 --- 

2908 

2uri 



1102 

1055 

1017 


"«n) 




m 






00 8 

00 0 



86 2 

83 0 

" 82 1 



i 



m 





1(d) 

0 2 

1 0 1 


■B 

13 8 

16 1 

17*0 

■I 

(0 — 

708 

IQUI 

460 

S68 

206 

254 

200 


Mfi.i) 


m 







• (fi.s) 

0-1 


4*1 

0 2 

14 0 

16 2 

18 0 

B 

i(U) 


IH 






■ 

i'(d) 

90*0 


95 0 

00*8 

86 0 

83*8 

82 0 


Mfie, Spm,U0\ {,1-10, {^-440, D>-0-384, d-0 S6*10*Oyn/oiD» 






















in kn 0» no looo noo ono nn mo »oo mo tuo mo t$oe 

- mof 

Fia 0 

Dio Preipionsron d< r symmotnschpn (auiit(t‘7.oKeiu Kurvun) b^zw aniisvmmot n*rhon 
(Hi'Htiiehi'Ko Kmvpu) tdieneii H< liwingunRon in Ab)iftnt;igkoit von dop M’Vhv m-f doi 
Biibitiiuenttn X fur das Modoll X t'O X \uf don punkfiorton Kurvon hogon dlo 
Kigonfroquonr wn ((’ O) d'i ('0 ibndung dio Pioqutn/ (<*V.) dor anfewymuo* 
friaihon «owio die Froqiionron Wir (f'X.) der symmolrioohen rut (friipjio CX, gohongen 
Mchningiingon 

In Tabelle 7 und in Figur 9 ist der Frequenz-Gang bei Variation der 
Substituenten-Masse ni, be&chrieben Der Vergleich der figuren 4, 6, und 9 
zeigt diesbezltglich trotz Verschiedenheit der Modelle bemerkenswerte quali¬ 
tative Aehniichkeiten, insbesondere ywischen den Modellen X*C C X 
(Irans) und X CO X Im Einzelnen set kurz ausgeffihrt 

‘ Fur kleine m charaktenstisch fur die V^alenzschwingung «>, (CXj) 
der Oruppe CXg, filr groSe m wird wj zur CO-Frequenz att Fur kleme tn 
charaktenstisch fur die C O-Gruppe, fiit gro8e m characktenstisch fiit die 
Valenzfrequenz w, (CX|), a>i und <i>t vertauschen also ibre Rollen <04 1 st 
wdhrend des ganzen Kurvenverlaufes nahe oder vollkommen gleich der 
antisymmetnschen Gruppen-Frequenz u», (CX|) a>B 1 st chandcteristisch fur 
die symmctnsche Deformations-Schwingung w, (CXj) der CXa-Gruppe 
ci>( gehort zu emer Knick-Schwingupg des Systemes X CO<X, die beim 
Zusammensetzen dieses Systemes aus einer CO-und einer CXg-Omppe als 
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funfte Schwingung (ebenso wie die hier mcht behandette mdit-ebene Sdi- 
wingung a>«) neu hinzukommt 

Dab gleiche, was aus der mg-Empfindlichkeit der Ftequenzen Uber ihre 
Zuordnung zu den vSystem-Schwingungen abzuleiteii ist, Ulsst sidi ans den 
Angaben der Tabelle 7 betreffeiid die Energie-veiteilung anf die einzelnen 
Korm-erhaltenden System Krafte ablesen Bei verschiebt sich der 
Hauptaiiteil der Eiiergie bei zunehmender Masse ni( von der CX,-GTUppe 
1(/i *)] der CO-Gruppe [ v (f, bei at, ist es umgekehrt Bel wa 
steckt fast die ganze Energie in der Beanspruchung der Deformations-Fedem 
D und d, iiisbesondere in ersterer, die fur die CXa-Gnippe charaktenstisch 
ist Bel (04 wtrd nahczu die ganze Energie auf Beanspruchung der Federn f^^a 
verbraucht, bei cuf dagegen fur die Beanspruchung der Konstanten d, die 
weder dem System, C O noch dem System CXa, sondern erst dem Gesamt- 
system X CO X angehort Diese Angaben fiber Verteilung der Energie. 
zusammengenommen mit den Symmetne-Eigenschaften der betreffenden 
Schwingungen vermitteln auch sofort erne Vorstellung fiber die Form der 
Schwingungen, so dafi auf diese wohl nicht gesondert eingegangen werden 
muss 

Wdhrend zur " C 0 -Frequenz ” fur ma =* 00 bis ma ~ 8 die Schwingung 
(tfi und fur nia ~ 2 bis m 3 ~ 0,9 die Schwingung a>a gehort, fibermmmt fur 
ma < 0,4 bis m 3 = 0 die Schwingung <03 die RoUe der Doppelbmdungs* 
Frequenz, wobei der Wert <03 (C O) -= 1580 approximiert wird Man fiberlegt 
leicht auch ohne Rechung, daO dies so sein muss Denn wenn gegen 
Null geht, kann nur mehr die Eigenfrequenz a»o dcs Systems C O, das " mchts 
wei0 " von den angehdngten unendlich leichten Massen ma, im endhdien 
Frequenz-Bereich verbleiben alle andem Frequenzen des Systems X CO X 
mfissen unendlich werden Da nun die C 0 -Prequenz jedenfalls eine 
symmetnsche Schwingungs-Form 1 st und da sich die zu gleichrassigen 
Schwingungen gehongen Frequenz-Kurven mcht fiberschneiden durfen. 
so muss es die htfste Frequenz des Systems X >00 -X sem, die beim Uebergang 
zu m 3 0 endlich bleibt 

Umgekehrt muss es aus den gleichen Grfinden die hSchsU symmetrisdie 
Schwingung des Systems X CO*X, nfimltch <i»i sem, die beim Uebergang 
zum andern Eztrem, das 1 st ma und fi,a » 0 , endhch bleibt mit dem 
Wert (Ug 1590, wfthrend alle anderen System-Frequenzen Null werden 



EIGENSCHWINGUNGEN MECHANISCHER 
MOLEKULMODELLE. 

IV. Der Viererring 

Von F Trenkler 

( 178 , MtUeiluni; aus dem physikaliachen Inahtut der Teehnuehen Moehachule Graz ) 

(Mit 4 Flguren im Text) 

Eh werden die durch VetBUche fcHtgestollteii Schwingungsforaien und Eigen- 
Bchwingzahlon von mechaniBclion Modellen des Cyclobatans, Oyclobutens und Cjrclo- 
butadietiB bouic* des Cyclobutanons und Oyclobutan- 1, S-dione mitReteilt und nut den 
Forderungen der Theone vergrlithen , die Uebereuintimmung ist im allgemeinen befnedi- 
gend Bei jonen Formen jedoch, die durch reine Deformation von Ringen mit gerader 
Oliederaald entHtehon, stellt aich cm grower Unterachied xwiachen theoretiach crwarteter 
und cxperimentoll beobachteter Frequenz cm; dies wlrd durch ZurUckfuhrung auf erne 
Kigenschaft doa mechaniachen Modellea quantitatlv geUilrt Femcr wird an einem 
Beispicl der EinfluQ dea Auftretens von Drehschwingungen einselner lUaason nacbge- 
wioaen und erortert 

Etnlettung 

DIE Untersuchung der Bigenschwingungen mechanischer MolekuIinodelle^> * 
wurde nun auch auf Modelle des Cydobutans und seiner Abkommhnge 
ausgedehnt Die Versuchsanordnung ist gleich geblieben Stablmassen, die 
durch krdftige Schraubeufedem verbunden sind, werden auf langen Stahl- 
staben aufgestdlt, diesem System wird hber gespaimte Gummischnure durch 
emen Schwinghebel Energie zugefUhrt. Im Resonanzfall bilden sich die 
Bigenschwingungsformen aus, die objektiv photographisch festgdialten oder 
bei stroboskopischer Beleuchtung subjektiv beobachtet werden konnen Die 
minutlichen Kigenschwmgungszahlen (o>) werden an emem mit dem schwm- 
genden Hebd gekuppelten Tachometer abgelesen Bine Verbesserung der 
stroboskopischen Beobachtungsmethode wurde dadurch erzidt, dass an 
Stelle der hchtschwachen Glimtnlampen em Neonleuchtrohr eingebaut wurde. 
als Spannungswandler dient ein Induktonum. bei dem der Neefsche Hammer 
dur^ einen mit der Antriebsmaschine geki^pdten und etwas langsamer als 
diese laufenden Unterbrecher ersetzt wird Dtese neue Binnchtung verbessert 
unter anderm die objektive Demonstrationsmoghdikeit ganz wesenthch 

Cydobutan, Cychbulm und CydobtUadten 
§ 1 Dtg Schmngw^sformen dieser drei Moddle sind in Fig 1 
wiedetgegeben, zu ihr sowie zu den Figuren 2 und 4 ist zu bemerkeu, dass der 

Varg. F Trankler, Phynk Z, 1935,94^ 162 u 423 : 1030, S7, 388 
* A, W. Bolts, Z phyt^ Chem, 1937, B 36^ 863 
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grussereii Deuthchkeit halber die Amphtuden uugefahr sechsfach vergrossert 
gegcmiber den Modellabmessungeti eingetragen sind Sowohl Richtung ak 
Grosse dcr liahnen sind aus Photographien der schwingenden Modelle ernnt- 
telt, die Pfeile an den Bahnenden lassen die Phasenunterschiede zwischen 
den Bewcgungen der einzelnen Massen erkennen 



Fia 1 

BohwingungsfoiTDi. der Modelle von Oyclobutan, Cyclobnten 
und Cyclobutatlien 

Fiir den Cyclobutannng nut der Symmctne (ebenes System mit 
vierzlililiger Drehacbse) sind ausser der nicht-ebenen Deformations-Schwingung 
die am Modell mcht aktiviert werden kann vier ebene Schwingungsformen 
zu erwarten drei emfache Schwmgungen (oij, cuj, CU4) und erne zweifach 
entartete * Die am Modell beobachteten Formen entsprechen, abgesehen 
von kleinen Richtungsabweichui^en der Bahneii, dieser Erwartung, sie 
werden im folgenden der Reihe nach besprochen 

CU2 ist erne ** remc Deformationsschwingung, bei der die Federn in der 
lyanghtichtung mcht beansprucht werden Die Bahnen sind fast genau 
zeiitral genchtel, die Amphtuden aller Massen sind, ebenso wie bei den drei 

* K. W F KoUlraasch und n Skrubal 1910, 10 
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andern Schwmgungen, erwartungsgemdss nahezu gleich gross, namhch bei 
nil nia 10,0 und m 4 12,3 Millimeter Beim Uebeigang 

zum Cyclobuten und Cyclobutadieii dndern sich die Bahnnchtungen fast 
ganucht, dagegen werden die Amplituden auffallend kleiner (Mittelwerte. 
Cyclobutan 11 , 6 , Cyclobuten 1,9 und Cyclobutadieii 1,0 Millimeter), eine 
Erklaning fur diese Abnahmc fehlt Ueber den bei dieser Form ausserge- 
wohnbch grossen Untertichied zwischen der beobachteten und berechneten 
Schwmgzahl vergleiche man die folgcnden Abschmtte 

cuj und a >4 Sind zwei " reine ” Valcnzschwingungen, bei denen die Wmkel 
sich nicht andern, die totalsymmetnsdie Form to^ hat die Amphtuden 
mi 8,1, m* 7,8, mj 7,9 und m 4 8,2 Millimeter, wahrend sie bei 0*4 fur 
mi 13,9, m* 13,3, m, 12,0 und m 4 12,1 Millimeter betragen Die Bahn- 
richtungen weichen schon beim Cyclobutan merklich von den Dtagonalen 
bezw den zu diesen Scnkrechten ab, in denen sie htgcn sollten, der Grund 
dafur durfte mcht in emer Unsymmetne des Modells sondern m dem 
Umstand zu suchen sein, dass die beiden Formeu to, und 0)4 in einem remeu 
Valenzkraftsystem die gleiche Schwmgzahl haben, d h " zufdllig ” mitein- 
ander entarten Dementsprechend hessen sich neben dem m Fig 1 wieder- 
gegebenen Formen w, und <i >4 auch Schwingungsformen gleicher Freciuenz 
der Art anregen, wie sie in Fig 2 dargestellt sind, sie eiitstehen durch 

Ueberlagerung von wt und 0*4 mit Phasendifferenzen von ungefdhr " 



Fio 2 

SSwei Formen der“ zaMIligfm ” Entartung im Oy< lobuianmodell. 

Setzt man dagegen die beiden Formen mit nahezu gleicher Phase zusammen 
dann tntt das ein, wovon die baobachteten Formen der Fig 1 bereits erne 
Andeutung geben zwei sich gegenhberhegende Federn dehnen sich im 
Gleichtakt, wdhrend das andere Fedeipaar unbeansprucht bleibt Das sind 
zugleich ]ene Schwingungsformen, die bei Cyclobuten und Cydobutadien 
mehr oder weniger rein auftreten 
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(i>£, , ist erne zweifach entartete Schwingang, die zu ihr orthogonale 
Form erhdlt man, wenn man sich das Schwingungsbild der Fig 1 urn 
90° gedreht denkt Die Amphtuden smd bet m^ . 7,9, m« 7,6, m, 6,8 und 
mt 8,1 Millimeter gross Eigenthch entartete Formen nut elliptisdien 
Kurvenbahnen konnten zwar subjektiv beobachtet, wegen gennger Stabilttkt 
jedoch nicht photographiert werden Wurde man zwei zuemander ortbo- 
gonalc* Normalschwingungen a>t,s nut gleichgrossen Amphtuden und gleicher 
Phase zusammensetzen, dann entstimde erne zweite entartete Normalsch- 
wingung w'j t, erne solche Form konnte zwar mcht angeregt werden, sie ist 
aber in Figur 1 mit gestnchelten Amphtuden emgetragen, um den Zusammen- 
haiig mit den bei Cyclobuten und Cydobutadien tatsachhch beobachteten 
Formen herzustellen, bei denen zwei s ch gegenuber hegende Federn un 
Gegentakt gedehnt bezw gedrflckt werden, wahrend die zwei andem Federn 
in Ruhe bleiben 


§ 2 Dte Etgenschwtngzahlen 
= I? . a» =» Kreisfrequenz^ * 


erlullt man aus folgenden Gleichungen- 




CyclobuieH 

Cydobutadien 

Cyclobutan 


+ 

--- (/ + + I>) + M 

t 8 

* m 

«»• 

«»* 



II 

II 

s: 



“•^(m +m) 

11 



+ 

+ D) + i(21. + d + D) 

V =^(/+2D) 


•»!» 

«e* 


«.* - ^ + 2D) 



Hierm bedeuten m = 1270 g Masse mit zwei einfneboti Federn 

M = 1342 g Masse mit einfacher und doppelter Feder 

/«*8,84'10* dyn/cm rlicktreibende Kraft der cinfa chen 
Feder 

F 16,00‘lO* dyn/cm rhdrtreibende Kraft der doppehen 
Feder 

d = 1,66 10* dyn/cm Deformations-Konstantedes Winkdto 
zweier einfacher Federn 

D = 1,98-10* dyn/cm Ddmmations-KonstantedesWiideda 
zwischen einfacher und doppdter Feder. 
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In Tabelle I sind die nach obigcn Fornieln berechiieteu den am Modell 
beobachteten Schwingzahlen gegenuber gestellt Die Uebereinstimmung 
zwischen Rechnung und Versuch ist fur w, bis w, als hmreichend anzusehen , 
die Abweichungcn teds positiv, teds negativ mid 

schwanken /wiscJben 1 und 7% Nur <i>,, die Schwiugzahl der reineii 
Deformationsschwingung, hat, wie schon lx;im ebenen vSechsernng, emeu 
gegen die Kechnuiig viel zu grossen Wert 


Tabeiais, I 

Berechneie und beobachtete SckmngzaMen fur dte ModeUe 
von Cyclobtaun, Cyclobuten, Cyclobutadten 



1 

U>g 


a>4 

to? 


(.’yolobutan 

ber 

047 (1330) 

1127 

1127 

nio 



beob 

1450 

1100 

1100 

1280 


CjUobuten 

bpr 

1023(1418) 


)20K 

i3uo(nn) 

1584 


l*eob 

1440 

1120 

1220 

iiW 

1050 

(Hclobutudien 

Ur i 

1044 (1477) 

1101 

UH7 

H2H 

10.^8 


beob 

1440 

1130 

1800 

1200 

1080 


§ 3 Das abnormal* Verhalten der SchmngzaM <*% Iftsst sicli an Hand der 
Pig 3 erklkren, in der die Schwingungsform (t»i des Cydobutaumodells unter 
Vernaddassigung der kleinen Richtungsabweichungen im nchtigen Grossen- 
verhdltnis gezeichnet ist Die Ruhelage ist fein eingezeichiiet, die Dage der 
Massen und Pederachsen im Undcehrpunkt stark ausgezogeii Die Perm 
ist zu den beiden Diagonalen m^m^ and mtmi symmetnbch. daher kann sich 
keine der Massen um ibre zur Zeichenebene lotrechte Achse verdrehen, die 
an den Massen be/esHgten Fedem mitssen stch also tn der etngetragenen 
s-fbrmtgen Form kritmmen Daraus eigibt sich Man darf fdr die Bestimmung 
der der Auslenkung einer Masse senkrecht zu ihrer Bmdung widerstehenden 
Kraft (der " Deformationskonstanten") bei Ringsystemen nut gerader 
Massenzahl nidit mehr den Fall ernes mnseitig eingespanuten und am freien 
£nde mit einer Kraft P bdasteten Balkens ansetzen, sondern muss ausser 
dieser Kraft F noch ein Moment M einfiiliren, das die durch P bewirkte 
Verdrehun^ des freien Bndquerschmttes gegen den eingespmmten Quersdmitt 
wieder au&ebt 

Alo 9 
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Kic. ? 


fteanHpruchun^? (iei Pinloin bei d<’i Sthwingung: 
des (SclobiilaumndrlK 

Birucksiditigt man du*sc Forderung im Poteiitialausat^, so ergibt sick 
fur «* dcs Cvclobutan- bezw Cyclobutadienmodclls 

. 16 j t « 16 ,v 

«J =-- d bezw «,* ,, 1), 

d h man hat mit dem doppelten Wert der in § 2 augegebeuen Deformations— 
konstanteu zu rcchnen Dannt erhalt man die in Tabetic I geklammerten 
Krwartungs-Wertc f(ir (Uj, die mit dem beobachteten Scbwingzahlen gut 
uberemstnnmen 1st in Oleichungcn hoheren Grades nut andem Frequenz^ 
quadrateu gekoppelt, so ist erne nur teilweise Verdopplung des Wertes der 
Deformationskonstanten vorzunehmen, so tauten die Frequenzglcichungen 
fur und des Cvelobutcns nach umgeanderten Poteiitialansatz 

f-w) P'(/■*. 2i) + i'(/+ 2D)], 
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hierin sind d und D wie in § 2, d' und D' jedoch doppclt so gross cinzosetzen 
Setzt man d' — d, D' — D so resultiercii wieder die fniher angegebenen 
Cleichungen Wie die gcklammerteii Werte bei coj und lo^ des Cyclobutens 
m Tabelle I zeigen, wird toj durch die Verdopplung nur unwesentlich beein- 
flusst, wahrend u>t auf eincti niit dcm Versuch ubereinstinimenden Wert 
erholit wird 

4 Drehitchwtngimgen etnzelner Mas’ten , thr ktnflttss auf dte Schwtng- 
zahl Fig 4 zeigt, dass bei jcnen Schwingungsformtn, bei dcnen nicht 



Ki(. i 

Drfhung der Mamm bei dot HchwingiiiiK 
des r>clobu(an-inolelle4 

aUe Bahnen in Symmetiieachsen liegen, die punktiert eingetragene &-formige 
Deformierung der Federn durch eine kleine Verdrehung der mcht auf den 
Symmetneachsen sich bewegenden Massen y»i und ntt vermieden werden 
kami Dank der vcrbesserten stroboskopischen Bdeuditung konnte erne 
solche Verdrehung dieser und zwar nur dieser Massen auch m der Tat wahrend 
des Sch^ngungsvorganges beobachtet werden Solche Drehschwingungen 
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einzelner Massen innerhalb eiaer Systemschwuigung konnen die Schw in gzahl 
beeinflussen, wie ein Versuch an einem m 1, i-SteUung durch Zusatzmassen 
beschwerten Cyclobutamnodell zeigte. 

Dieses Modell bat einen niedngeren Symmetnegrad (v^) als das des 
Cydobutans und daher keine notwendig entarteten Schwingungen, und 
u>g entarten nun aber zuf^illig und gehorchen der Olachung 

n,» - «,* = (^ + if + 2rf). 

die nut der veigrosserten Masse tn' — 1695 g die Schwingzahl oi, = w, = 1226 
ergibt Die beobachteten Schwingungsfonnen entspiechen der fur Cyclobutau 
und ti>j, in h'lg 1 wiedergegebenen, nur dass jetzt bei wj die unbeschwerten 
Massen m, bei a>, die beschwerten Massen m' im Gleichtakt auf der Diagonalen 
schwingen , im ersten Fall sind es also die schweren, im zweiteu Fall die 
leichteren Massen, durch deren Verdrehung (vergl Fig 4) die s-fomiige 
Deformierung der Federn vermieden wird Die Schwiugzahlen werden nut 
CO,1120 und (u«— 1160 bcobachtet, beide Werte smd infolge der Drehsch- 
wingungen zweier Massen kleiner als der Rechnungswert 1226, sie smd 
uberdies nicht gleich gross, da bei co^ das Tr5gbeitsmoment der sich drehenden 
Massen grosser als bei cu, ist Setzt man die Zusatzmassen (die m auf m' 
vergrossert) nicht so wie bisher zentral soudem seitlich an, wodurch das 
Tr5gheitsmoment der Massen m' noch wesentbeh starker vergrossert wird, 
dann smkt &i| auf 960, wdhrend <■>« mit 1160 praktisch unverandert bleibt 

CydobtUanon und Cydobutan-l, S-dton 

§ 6 D$e Schmngungsformen —Von emer zu Fig 1 aualogen zeich- 
nenschen Wiedergabe der bei den beiden Modellen tatsachhdi auftretenden 
Schwmgungsformen wurde, um die Arbeit mcht mit Figuren zu tiber- 
lasten, abgesehen Am Cyclobutanon-modeQ wurden alle sieben, am Cydo* 
bttten-dion-Modell nur 8 von den neon zu erwartenden ebenen Formen 
beobachtet, es fehlt eigeuartigerweise, gerade jene Form (<«»,) die beun 
Cyclobutanon die grossten Elongationen aufweist Die Ueberemstimmung 
nut den Forderungen der Modell-Symmetrie (vergl Fig 1 in der mechgd* 
genden Arbeit von Kohlrausch-Skrabal) ist im ftbngen im allgemeinen 
befnedigend 

§ 6 D%e Etgensckmf^ungszahlen —^Bs werden fdgende Frequenzgleich* 
ungen fiir die ebenen Formen abgeleitet 



Cyclobutanon 

S(a,) 


as (ff;r) 

Cyclobutandion 

S(0,S(a,) 

as (ff,), as (ffy) 

S (ff,), as (?y) 
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«»* «»® + 



-^)] +1' + Js+j,’^)(/4 Srf) 

(mm' *■ m'M ' Mm) 

Hi n/ 11^ \ 

Mm ' +s-.(i +^-) 

/r.{r + 6.) + „“r[(^i.+„!„ + j^‘J 

If' I i(/rf ^ ^ t s,-) (/ + -<0 

i>(i/+ V)] 

Mg* Mg® Mg® Mg* 



+ I) (/ 4- Crf)] 
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M«* «,* -1- 

-MM “> + *mM + mU 



«4* «e* ««’ 

- ^ (i. <■ mM" + »^ + ia)/“ V + 2«) 

Mg* -f- «8* -f «g* 


Mg* Mg* + 

4 ..l-f/D + Ki.' 4 + Mm) 


(/ + 4d+ I>) 

Mg* Mg* «9* 

= mm’M^ 

»4* + «i* 

-(^• + :)/4C4 2_tJ-'^4^> 

«4» Mg* 


Mg* + Mi,* 

-(»’+«)‘/ + ®4)+(^, + i)D+(l.+J)p 

M#* Mig* 

"''(»+i^+SR)'/ + ®^ + »> 
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as (ajt), S (it,,) 


«g‘ I 
«o' «n* 


= f ^ M {/ -r 2 rf) + f ^ 4 D 

\m mj^ ' \tn m M/ 

'““(mV ^ mil + M») (/+ “) 


Es bedcutet (a) sj-muietrisch, (a) autisymmetnsch, ir^ sind die Symm 
Kbeuen durch die C O-Bindungen, bezw senkrecht zu ihnen 


m = 1270g unbesetzte Rmgmasse, »t'=1270g besetzte Ringmasbe, 
M - 1268 g Aussenmasse , 

/ — 8,84 10 *dyn,cm nicktreibcnde Kraft der Rmgfedern 
1* - 10,00 10 « dyn/cm rucktreibcnde Kraft der Substituentenfedern 
d = 1,56 1 0 “ dyn/cm Doforniations-Konstante der Winkel im Ring 
D = 1,98 10 * dyii/em Deformations-Konstante der Winkel zwischen 
Ausseiifeder uiid Rmgfeder 


Die Gleichuiig vierten Grades wurdc mit dem Nalieningsvcrfahreii nacli 
Graeffe aufgdost 


Tabellc II gibt die berechiieteii uiid beobachteten Werte der Eigensch- 
wingzahlen witder Abgcsehen von der Dv^formationsfrequenr aij, die wie- 
derum bctrachtlich zu hocli liegt, ergeben sich hier auch bci andern Schwing- 
zahlen grossere Unstimmigkeiteii zwischen Rechnung und Kxpenment Als 
brauchbar kanii die Uberemstiinmung nur bci 014 , 0 * 4 , (04 des Cyclobutanons 
und bei 015 , ca», wu des Cyclobutandions angesehen werdeu Was im Einzelnen 
Ursache der Unstinimigkeiteii scin kann, lasst sich schwer abschatzen Es 


TAlIli,IXE II 

Berechnete und heobachtete Schmngzahlen fur dte Modette von 
Cyclobutanon und Cyclobutandton 


! "1 

1 

w, 

W 4 

Wn j 

Clio 

1 

1 

(i>v 

1 

“u 1 

"w 

('yclobutanon Inn | 

7tt7 

1 

1052 

lUK ^ 

1254 1 

1540 

730 1 

1775 



btoh 

IHO 

m) 

1150 

1220 

HHO 

040 

1870 



Tvclobiitandion l>er 

077 

no7 

1209 

1077 

1614 

015 

1760 

521 

1708 


1270 

750 

1170 

1010 { 

i 

1480 


1830 

1 

510 

1 

2000 


sei auf die schon beim cbenen Sechsemng bezw bei semen Abkommbngen 
aufgestcllten Vermutungen hiiigewiesen Mangelhafte Synunetne des Moddl 
und Unzuldnghchkeit der Anreguagsvomchtang, beides Fehler, die sich mit 
den vorhandcnen Mitteln mcht ohne welters beheben lassen, schhesshch ista 
uch em storender Einfluss der Drehschwmgangen (msbesondere bei < 1 * 4 ) zu 
erwarten 



SCATTERING OF LIGHT IN A ROCHELLE SALT 

CRYSTAL 


B\ h SlBAlYA 

(DepaHmfui of f*nnprsily of Mf/more Haojahn ) 

Dlbyk's theory of specific heats of solids is b.ised on the h>pothcsis of the 
presenee of sound waves of xanous wave-lengths associated with the thermal 
energy of the medium The existence of these clastic heat waves produces 
in the solid continuum stratifications in the optical density Ignoring the 
molecular structure in tht medium, these density fluctuations arc considered 
responsible for the scattering of light iii the medium Many years ago, 
Bnllouin* pointed out that monochromatic light scattered or selectively 
reflected by the longitudinal sound waves should exhibit a doubling whitli 
IS of the nature of a Doppler effect produced by the appioaching and receding 
wave trains It is known, however, that in addition to the longitudinal 
wave, Iw^o sets of transverse wave trams should also be considered, .iiid that 
these 1 itter should also give rise to observalde optical effects The elegant 
experiments of Schaefer and Bergraanii® on the diffraction of light by ultra¬ 
sonic w ives in crystals have indeed demonstrated that for any given direction 
in a crystal there are in general three distinct sound velocities w^liich generate 
an acoustic wavt-surface of three sheets Thus the longitudinal and the two 
transverse waves appeiring in Dcbj'e’s theory of specific heats should give 
rise to six Doppler Brillouin components—^three on each side of the Rayleigh 
line Gross^ has reported that he has observed the splitting up of the 
Rayleigh line scattered b 3 ' ciy'stallitie quart/ c'nd that liis observations 
" warrant the conclasioii that the Rajdeigh line of crystals appears to have 
SIX modified components'' Raman and Veukateswaran’ working with 
an exceptionally clear crystal of gypsum have been able to reproduce a 
photograph showing the six components with the mam line of unaltered 

• In hifl % alodictory locture to the Central Oidlego Phy^^ical Society on the 25tli of 
February 1938, Sir C V Katnan remarktd that the study of light scatt'enng in crystals 
should yield valuable information regarding the boIuI state The prest*nt investigation 
which demonstrates the phvsical mality of the Debye boat waves m civstals is an 
outcome of the suggest ions mode in the lecture The work now describod had been 
completed and a paiHsr on the sam( was under preparation when the note by Raman 
and Venkateswaran* on their ixisulta with n gyphum crystal appeared m TVafurc of the 
eth August 1038 The author has had much pleasure in accepting the invitation to 
publish the results obtained by him as a contribution to this Jubilee Number in honour 
of Sir r V Haman, to whom the author is grateful for many helpful suggestions 
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frequency very much suppressed m intensity Omstem and van Gttert* 
have pointed out that small deviations from the ideal lattice structure in 
crystals will scatter the Rayleigh line of unchanged frequency This hne 
will therefore persist even in a crystal which may be visibly free from inclu¬ 
sions But these inclusions which it is hardly possible to avoid completely 
in large crystals, give rise to a lot of parasitic hght in scattering expenments, 
thus enhancing the Rayleigh'line The only crystalline solid, large and 
fairly clear that was readily available in this laboratory, was a Rochelle salt 
crystal grown by the Brush lyaboratones Company and marketed by the 
Central Scientific Company The present paper which sets forth the results 
of the study of the structure of the Rayleigh hues scattered by the Rochelle 
salt crystal affords a defimte experimental proof of the presence of the Debye 
naves m solids 

The Rochelle salt crystal (measunng nearly 16 cm x 8 cm x4cm) 
was enclosed in a blackened deal wood box lined with black felt and having 
a horizontal slot (2 cm x 10 cm} parallel to its longer edge in order to 
allow the focussing of the mercury arc hght along the crystal core A circular 
opening of about 2 cm diameter with an ebonite tube of about 10 cm 
length in continuation was provided for observing the scattered hght at 
right angles The scattered light was focussed on the slit of a spectrograph 
which was used in conjunction with a quartz Dummer-Oe^cke plate 
(20 cm long and 3 45 mm thick) for the analysis of the scattered merciry 
arc lines The patterns were photographed with exposures of the order of 
80 hours on hypersensitive panchromatic plates These long exposures 
necessitate the maintenance of a constant temperature round about the 
high resolving power apparatus Rochelle salt crystal (K Na C 4 H 4 O 4 4HiO) 
belongs to the rhombic-hemihedral or rhombic-bisphenoidal class and 
possesses three digonal axes of symmetry which coinade with the three 
crystallographic axes, but has no planes of symmetry The incident radia¬ 
tion from the mercury arc is allowed to traverse along the X-axis of the 
crystal, while the scattered radiation is observed along its Z-axis The 
surface of the Lummer plate was adjusted parallel to the Y-axis of the crystal 
for obtaining good resolving power, as the electric vector of the scattered 
radiation is mainly along the Y-axis The structure patterns of the scattered 
mercury arc hnes A 4368 A and A 6461 A were examined and the displace¬ 
ments of the Doppler-Bnlloiiin components were measi'red 

I'lg 1 gives the pattern of the scattered Rayleigh line A 4368 A along 
with the pattern of the same line directly obtained It is dear that the 
pattern of the scattered line contains two new components oi equal mtensity 
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which have no relation m position or intensity with the hyperfine compo¬ 
nents of A 4358 A Comparing the hyperfine components with the Doppler- 
BnJlomn components, it is readily noticed that these new components are 
far wider, though with the resolving power employed no structure is discern¬ 
ible Assuming that the two new components observed are the Doppler- 
Brilloum components lying on either side of the mam Rayleigh line, then 
wave-number separation from the mam line comes out as ^ 0 382 cm ’ 
The width of each of the components is of the order 0 1 cm extending 
from L 0* 33 cm to i 0 41 cm approximately In spite of the fact 
that the wide components arc not seen resolved, the width of the components 
must be considered as significant comprising as it probablv does the compo¬ 
nents due to the transverse as well as the longitudinal sound waves in the 
medium Yet another important result is the fact that the intensity total of 
the new components is greater than that of the main line, whose mtensitj 
has no doubt been enhanced by the parasitic light scattered by the obvious 
inclusions in the crystal In sjutc of this source of error the intensity of the 
mam line is much suppressed as is to be exjiected from theoretical considera¬ 
tions Appl>mg the Bnlloum relation for the wave-number shift of the 
monochromatic light reflected by the thermal sound waves m the medium 

V 0 

dv — t 2 V- sin „ 

i 2 

we obtain for v the value 3 53 km stc ' Judging from the width of the 
components the velocity range extends from about 3 0 km sec “> to 3 8 km 
sec These values rejiresent the velocities of the hyiiersonic sound waves 
(having a frequency of the order of 10** — 10** ~) in the Rochelle salt crystal 
mainly in a direction perpendicular to the Y-axis and at 45“ with the X- and 
Z-axes Since the incident light on the crystal is a convergent beam (nearly 
60“) there will necessarily be a range for the angle of scattering, $, round a 
mean value of 90° This will in itself introduce a broadening in the Dopplei 
components even if each component is sharp and single Quite apart from 
this, the velocities of sound waves change with direction m the trjstal All 
these factors coupled with the unavoidable long exposures no doubt tend 
to broaden the new components and to mask their structure No direct 
determination of sound velocities in Rochelle salt crystal is available for 
comparison with the values obtained above The order of magnitude of the 
velocities can, however, be computed from a knowledge of the density 
(1 767 g per cc) and the elastic constants of the crystal in various 
directions, Mandell* has determined the elastic moduli of Rochelle salt 
along different directions in the crystal Calculating from those data, the 
velocity of compiessioiial waves in a bar of Rochelle salt cut with its length 
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perpendicular to the Y-axis and at 45° with the X- and Z-axes comes out as 
2 60 km scc“^ while the velocity along the Z-axis is 4 48 km sec"‘, the 
velocities in other directions lying within this range The mercury green 
line A 5461 1 also exhibits Doppler-Brillouin components (Fig 2), whose 
separations from the main line are in accord with the Brillouin formula 
The comiionents in this case appear wder due to the complications arising 
from the superposition of the hyperfine structure lines of Hg I A 5461 A 
The mam Rayleigh component is even here much less intense than the 
inteiisil> total of the new components 

In conclusion, I wish to thank Prof A Veiikat Rao Telang for his 
encouragement during the course of this investigation 
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THE SCATTERING OF LIGHT IN SODIUM NITRATE 
CRYSTALS. PART I. 

Bv T M K NfcDUNGADI 
/ Inlr'tductiim 

Tin, critical study of the Raman spectra of single crystals at various tempe¬ 
ratures and under various conditions of excitation (especially using incident 
polarised light) affords a prospect of leading to important adiances in our 
knowledge of the solid state of matter That the work done m this field is 
relatively small compared with the volume of published researihes on 
substances in the liquid state is evidently due to the difficulty of obtaining 
crystals of satisfactory quaht> and size Amongst the substances specially 
suitable for such work is sodium nitrate, in view of the fact that it is possible 
artificially to produce large transparent blocks of crystals from melts of the 
purified chemical The comparatively low temperature of fusion of the 
substance (^108“ C ) also enables the comfianson of the effects observed in 
the solid and the hquid states to be readily made Further, it is possible 
to cut from the prepared material, cubical blocks of crystal accurately 
oriented with reference to the optic axis With such blocks it is possible to 
study the changes produced by varying the direction and state of polarisa¬ 
tion of the incident light relatively to the direction of observation of the 
scattered light and of the crystallographic axes 

Numerous authors* have studied the scattering of light in sodium nitrate 
crystals Amongst these, Schceffet, Matossi and Aderhold, as also Cabannes 
and Canals, and Nisi have worked with single cij'stals The Raman spectrum 
at ordinary temperature gives the following frequency shifts* —98, 189, 727, 
1070, J38.f and 1669 The line 1070 is the strongest and has been identified 
to be I'o due to the symmetrical oscillation of the NO, ion Lines 727 and 
1389 are assigned to be vt and v*, the two doubly degenerate oscillations of 
the ion in its own plane The weak hne at 1669 may probably be an over¬ 
tone of the frequency i' — 830 which is due to the oscillation of the N atom 
along the symmetry axis of the molecule and consequently inactive m Raman 
effect The two lines 98 and 189 are attnbuted to oscillations charactcnstic 
of the crystal lattice Thatte and Ganesan* as also Rao* have studied the 
substance in the molten condition The former authors reported swiall 


* The numbers in this and subsequent pages denote the wave-numbers m cm " ^ 
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frequency shifts of the Raman lines when compared to those m the ciystal 
Aqueous solutions of the substances have also been the subject of extensive 
study by various authors Recently Pattabhiramayya* reported the Raman 
spectra of a single crystal of sodium mtrate at room temperature and at 
about 280° C A perusal of his paper, however, shows that his observations 
are incomjilete and that a more thorough and detailed investigation is called 
for In the present paper are described the changes observed at a series of 
temperatures starting from 25 to 290° C and also when the substance is in 
the molten condition 

2 Expertmenial Method 

The crystals were prepared in the following manner Kahibaum’s 
ihemical, further purified by repeated crystallisation from solution, was 
contained in a thin-walled glass tube The furnace employed was a speaally 
made one in which a steady current passing through the heating coil could 
establish a uniform temperature gradient down its length The substance 
was melted and allowed to traverse the furnace very slowly by means of a 
set of gear wheels worked by means of a motor The tapenng bottom of 
the container facilitated the crystallisation starting at a point The speed 
ot the motor was so adjusted that the crystal was allowed to emerge out of 
the furnace in about 48 hours The perfectly transparent block in the shape 
of the container so got was afterwards cut by a fine fret saw and polished to 
get cubes of 2 cm edge The strong double refraction of the substance was 
strikingly evident with crystals cut in such a manner The axes of the 
crystal were easily fixed by noting its preferred onentation in a strong 
magnetic field and further confirmed by cxaimnation between crossed Nicols 

The crystal, enclosed in a tightly fitting mount of oxidised copper foil, 
was contained in a heater (blackened inside) with smtable windows for the 
incident and scattered light to pass through A thermometer with its bulb 
kept as near the crystal as possible served to indicate the temperature By 
passing a suitable current through the heating coil, the temperature of the 
crystal was kept at any desired value correct to ± 6° C The spectra were 
photographed with a Hilger two-pr)sm spectrograph of high light gathering 
power and with a dispersion of about 28A/mm in the 4358 region With 
a sht width of 0 04 mm , equal exposures of 30 hours were given to get the 
different pictures It has been the experience of the author that the crystal 
if kept heated at about 290° C and exposed for a long time to mercury arc 
light, develops internal imperfections 

The spectrum for the molten substance was taken with the substance 
contained in a Wood's tube kept in a vertical position and the scattered light 
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reflected to the sht of the spectrograph by means of a right angled iinsm 
The substance m tins case was specially punhed to avoid fluorescence A 
very intense picture with absolutely no background was obtained in an 
exposure time of 10 hours 

The plates were carefully measured by direct comjiarison with a standard 
iron arc spectrum on a Hilger cross-slide micrometer reading correct to 1 /x 
The frequencies measured were correct to 2 wave-numbers 

S Results 

Very intense and clear spectrograms obtained at temperatures 25, 100, 
200, 250 and 290° C and also in the molten state are reproduced in Fig I 
of the accompanying Plate A comparative view of the spectra at 25° C 
and at 290° C is afiorded by Fig 2 of the same Plate, where the pictures 
are taken side by side on the same photograj)hic plate under identical condi¬ 
tions by the use of a Hartmann diaphragm The frequencies of the various 
Raman lines measured in the spectra at 25° C , 290° C and in the molten 
substances are recorded in Table I The variations in the frequencies as 
well as the breadths of the lattice lines at higher temperatures are given in 
Tables II and III Since the frequency shifts of the fundamental oscillations 
of the nitrate ion at intermediate temperatures are small and within the 
errors of measurement, no attempt is made to tabulate them in full 


Tabu. I 

Exctitftg line A = 4358 A 




400 


T. M. K Nedungadi 
TABtE II 

V ■= 08 nil 


1 

TemptM ,1- 

turo in ^(’ 

fVntro of 
tlio lino 

1 3 

1 At- 

4 1 

1 

limit of 
the line 

r. 

Ijpper 
liinil oi 
llie line 

fl 

Breadtii 
(f- "0 

7 

Bieadth 
eoiupaied to 
11ml at2r)®C 


W 


i 

94 

99 

r» 

1 

too 

% 

2 

99 

101 

11 


2m 

Hi) 

8 

82 

97 

15 

t 

li50 


1 i 

71 


22 

1 1 


77 

21 

h2 

IM 

51 

U 2 


Tabu. Ill 
V = 185 nil * 


1 

Tempera¬ 
ture in ""C 

O 

md 

Centre of 
th( line 

1 

> 

1 

Lo^ or 
limit of 
the line 

5 

Tipper 
limit of 
the line 

Breadth 

4^-5 

7 

Breadtii 
(oinpared to 
that at 25** C 


185 


J80 

188 

8 

1 

lOU 

180 

5 

172 

189 

17 

2 1 

200 

172 

1.1 

IbO 

J87 

27 

3 4 

250 

107 

18 


188 

15 

4 1 

2‘)0 

150 

29 

1S2 

J78 

40 

5 8 


The photographs show the striking changes which take place with rise 
of temperature Firstly, it is of interest to note the marked increase of 
Rayleigh scattering at high temperatures which is to be expected theoretically 
The behaviour of the low frequency hnes is also remarkable With increase 
of temperature, both the lines 98 and 186 broaden into bands and shift 
towards the exciting line in such manner that the outer edge of each band 
lies within the limit set by the original position of the hne The intensities 
of the lattice oscillations aro not decreased by rise of temperature, though 
there IS an apparent diminution which is an effect of broadening The 
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observed facts are not m conformity with the report of Pattabhiraniayya 
that the line 185 disappears at high temperatures 

The spectrum for the molten substance shows a remarkably intense 
wing extending to about 175 wave numbers on either side of the Rayleigh line 
This IS significant as it shows that the appearance of hues due to lattice 
oscillations in the crystal and of a wing in the corresjiondmg liquid is not a 
speciality with organic substances but occurs also in inorganic salts having 
optically anisotropic ions The general intensity distribution in the wing 
for the case of molten sodniin nitrate appears to be similar to that in liquids 
such as benzene. in the latter, as is known, the intensity of tlie wing is a 
maximum close to the incident line and falls off more or less exponentialh 
with increasing frequency shift from it In the crystal, on the other hand, 
the lattice frequency 185 at room temi>erature is actually of greater intensity 
than the 98 frequency Due to the broadening of the lattice frequencies, 
the difference in the general appearance beti\ecn the crystal pattern and the 
liquid ‘ wing ’ becomes rather less conspicuous at high temperatures Never¬ 
theless, it would not seem that m the crystal even near its melting jioint, the 
characteristic features of the liquid ‘ wing * are even roughly reproduced 
It thus appears rather difficult to accept the view (dm* to Gross and Vuks*^) 
that the wing observed m the liquid has the same physical origin as the 
lattice hnes m the crystal 



Fig 3 

Phut'Omrtcr curve j crystal at 25' C. 
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The bharp intense line 10C5 becomes shghtly diffuse at 290° C and a 
definite frequency shift of about 4 wave numbers can be detected This 
shift IS clearly seen in the spectra taken with the Hartmann diaphragm 
In the spectrum of the molten substance, this hue is still more diffuse and 
has decreased considerably m frequency 



IMiotonwt^r curv<» cijintal at 290® C 


The two degenerate oscillations 720 and 1385 also behave m a very 
interesting manner At the room temperature both the lines are fairly 
sharp and the latter is the stronger of the two With increasing temperature, 
the hue 720 remains sharp whereas that at 1385 gets broader rapidly At 
290° C the hrst line is slightly diffuse and weaker, but in contrast to this, 
the line 1385 is very diffuse and broad and extends roughly to about 20 wave 
numbers On account of the large broadening it is difficult to say with any 
degree of precision, whether there is a change itt the frequency or not 
A remarkable change is observed for this hne in the molten substance It 
becomes a broad band extending over some 160 wave numbers The hne 
1667 IS too faint to be measured at high temperatures The microphoto- 
meter records (Figs 3, 4 and 6) reproduced serve to show the above effects 
more clearly 
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Photomotor ciiivo mnlton state 

The efiect of varying the orientation of the crystal has been tried out 
over the whole range of temperature studied No noticeable differences 
in the effects described above have, however, been found depending on the 
onentation, so long as the incident hght is unpolarised Using incident 
polarised light with various orientations of the crystal axes, very interesting 
results have been obtained which will be reported in a separate communica¬ 
tion along with a theoretical discussion of the expcnmental results described 
in the present paper 

In conclusion, the author takes this opportunity to express his heartfelt 
gratitude to his professor Sir C V Raman for valuable guidance and 
encouragement in the course of this work His thanks are also due to 
Dr C S Venkateswaran for his interest in the work 

4 Summary 

A detailed study of the Raman spectrum of sodium mtrate at a series 
of temperatures ranging from 26° C to 290° C has been carried out with 
fairly large single crystals prepared from melts of the substance The 
investigation has also been extended to the case of the substance in the 
molten state The most interesting effect noticed is the simultaneous 
broademng and shifting towards the exating radiation of the hnes due to 

All > 
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lattice oscillations with rising temperature The symmetrical osscillation 
of the nitrate ion shows a shift of 4 wave numbers at 290° C The 1385 
line broadens out considerably as compared with the 720 hue The spectrum 
of the molten substance shows an intense wing accompanying the Ray¬ 
leigh line similar to those exhibited by aromatic liqmds The 1385 hne 
observed in the crystal becomes a broad band extending over 160 wave 
numbers in the molten substance 
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SULLO SPETTRO RAMAN DI ALCUNI IDROCARBURI 

PARAFFINICI. 


G B Boning s, R Manzoni Ansidei 
{Bologna, Ilaha-^In»ittuto Chirntro deUa Jt Vntveraita ) 

GiX nel 1929^ non era sfuggita ad uno di uoi I’lniportauza che poteva 
presentare lo studio dell’effetto Raman degli idrocarbtm specie m relazioue 
a ncerche sm carburanti e sui petroh Invero m tale anno si era studiato 
in questo laboratorio in collaborazione col Dottor firull lo spettro Raman 
del pentano, eptano, ottano, decano e amilene Molte ncerche* sullo spettro 
degli idrocarburi alifatici vennero poi eseguite da vane partie, in collegamento 
con queste, apparvero interessanti ncerche d’lndole tcorica sulle osciUaziom 
molecolan delle catene idrocarbunche * 

II problema dello spettro Raman delle paraffine a catena normale d 
stato ripreso poi in modo magistrale in una nota di Kohlrausch e Koppl* nel 
1934 Questi autori appheando pure criten sviluppati in precedenti lavon 
portano un contribute notevole sia spenmentale che teorico al problema Si 
sono potute chianrc negli spettn degli idrocarburi a catene normali le 
oscillazioni di valenza e di deformazionc nspettivamente dovute agli aggrup- 
pamenti CH [v (CH). 8 (CH)]. e C—C [v (C—C). 8 (C-C)J In questa pubbli- 
cazione i suddetti autori danno anche le nghe principali delle paraffine a 
catena normale indicandole con le lettere a-r Nelle seguneti tabclla nportiamo 
a modo di esempio questa classiflcazioiie delle nghe Raman delle catene 
idrocarbunche paraffiniche normali proposta da Kohlrausch e Koppl 


Tabeija I 
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1 e 
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Fbutftno 

334(2 b) 

837 (4) ' 

802 (3) 

808 (1) 

1027 (3 b) 

1070 (3 b) 


318 (2 b) 

820 (5 b) 

860(3) 
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1034 (3) 

1075 (3) 

Kpi(»no 

309 (6) 

836(3) 


900(4) 

1046 (2) 

1073 (3) 

Ottano 

281 (5) 

810 (2 b) 

861 (3) 

889 (4 b) 

1044 (3 b) 

1074 (4) 


Nella precedente tabella ci siamo hmitati a nportare la classificazione 
Boltanto per quelle ri^e che saranno oggetto di particolare discussione m 
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questo lavoro e che sono cio^ relative ad osctllazioni di valenza e di defor- 
mazioiie della catena carbonica e st nfcnscono a quegli idrocarbun uonnali 
per 1 quail 4 pu'i interessante il confronto con i nostn dati spenmentali 

Gli spettn delle paraffine a catena ramilicata erano assai meno cono- 
sciuti * 

Ci6 era dovuto anche al fatto della difficolta che si ha nel procurarsi del 
campioni di detti idrocarbun che sicuramente contengano un solo mdividuo 
chimico Infatti dalla distillazione delle benzine natural!, che sono misci^li 
di idrocarbun capaci di dare vapori misti, non e sperabile di poter raggiun- 
gere per distillazione frazionata dei campioui di purezza convcniente 

Recentemcnte Lecomte e I^ambert* hanno pubblicato un interessante 
lavoro dove vengono nprodotti gli spettn ultrarossi di alcuni idrocarbun a 
catena ramhcata Lo studio dcgli idrocarbun a catena ramihcata isomeri 
dell’ottano e dell’eptano prescnta uno specialc interesse percio che riguarda 
le ncerche scientifiche per i carburanti Sono note per c& le profonde diffcr- 
enze di comportamento (come carburante) dell ottano normale (numero 
d’ottano-19) e del 2 2 4-tnmetilpentano (numero di ottano 100) ’ 

Uno studio dello spettro Raman di queste sostanze avrebbe perci6 anche 
un interesse onde approfondire eventualmente un sigmficato saentifico del 
fenomem legati al comportamento di tali idrocarbun net moton a 
scoppio 

II prof Wibaut della Umversita di Amsterdam molto gentilmente a 
fornl per concessione della “ NV de Bataafsche Petroleum Maatschappuj ” 
una sene di idrocarbun da lui preparati per sintesi c i>urificati in modo 
speciale secondo un processo che verrk pubbheato Qoesti campiom di 
idrocarbun paraffinici sono di una purezza supenore a quella ddle miglion 
preparaziom che fino ad oggi sono state desentte nella letteratura Ring- 
raziamo petci6 nel modo pih vivo il Prof J P Wibaut della Umversitk ^ 
Amsterdam e la “ NV de Bataafsche Petroleum Maatschappij ” per questa 
gentile loro concessione che ci ha permesso di portare un nuovo contnbuto 
sperimentale alio studio dello spettro Raman deUe paraffine propno per quella 
categoria di composti che ha piii spiccato interesse nel campo delle ncerche 
chimiche sulle benzine 

Oil idrocarbun in questione erano preparati dal prof Wibaut appheando 
la reazione di Gngnard ai chetom comspondenti trasformando poi i magnesil- 
denvati in alcoli terzian Questi ultimi vemvano disidratati e davano le 
olefine comspondenti le quah, a loro vdta, per idrogenazione portavano agh 
idrocarbun paraffinici secondo lo schema 
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'^C=-0 + R"MgX->• K''\f OMgX-> R'\(i)H)- 

/ / HOH / -HOI 

R' R" R" 

urir KfHj 

->■ R'^C-V K'\c II 

/ ^ H. / 

R" R" 


Ml sure sperimentab 

n Esano—D\’‘ 0,66395, Df 0,65943, Df 0.65490. pe 68 °, 8 a 
760 mm 

A V 320 (n, 366 (4), 402 ( 1 ). 496 ( 1 ). 730 ( 0 ), 830 ( 2 ). 867 ( 2 ). 895 ( 2 ). 
1011 (2), 1040 (2), 1063 (2). 1076 ( 2 ). 1135 (2), 1299 (4), 1446 ('. dif), 2856(3), 
2873 (10), 2910 ( 8 ), 2936 ( 10 ), 2963 (C) (Juesto denvato i' stato studiato 
anche da Okubo e llamada (Set Rep Toho, Ku Untv, 1929, 18, 601), 
Petnkaln e Hochberg (Z phys chem , 1929, B 3, 217), Canals Oodthot e 
CauQml (( R , 1932, 194, 176, Andant, Bambcrt c I,ecomle (C R , 1934,198, 
1316), Kohlrausch e Koppl (Z phys chem, B, 1934, 26, 209), I nostn 
ri^ultati sono m ntti no accordo con quc41i deglt auton citati 

n hptano—l>V‘ 0,68378, DJ 0,67954, pe, 98°. 4 a 760 mm 

A V 310 (4), 397 ( 2 ), 487 ( 1 ), 839 (I), 898 ( 2 ). 1040 ( 2 ), 1082 ( 2 ), 

113b (1), 1298 (4), 1446 (6 dif), 2859 ( 6 ). 2877 (2). 2911 (4J), 2942 ( 8 ), 2965 ( 6 ) 
Questo denvato 6 stato anche studiato da Ganesan e Venkateswaran 
(Nature, 1929, 124, 67). Bomno e Brull (Gazz, Chim It, 1929, 59, 660), 

S C vSirkar (Ind J Phys , 1932,7,267), Collins (Phys Rn , 1932, 40, 829) , 

Kohlrausch, Koppl (I c) 1 nostn risultati sono in ottimo accordo con quelli 
degli auton citati 

2 Mettlesano—Di^ 0,67869, Df 0,67437 , p e 90°, 1 a 760 mm 

A V 306 (4), 791 ( 1 ), 820 (4), 870 (3). 891 (4), 947 ( 1 ). 1143 ( 2 ). 1169 ( 1 ), 
1299 ( 2 ), 1336 (1), 1449 (6 dif), 2870 ( 8 ), 2922 ( 1 ), 2939 (1), 2964 ( 6 ) 

2 2 DtmeHlpentano—-D\'' 0.67824, d;*’ 0,67388, D* 0,66953. pe 

79°, 3 a 7 b 0 mni 

A V 162 ( 1 ), 176 ( 0 ), 326 ( 1 )’, 348 ( 1 ), 499 (4), 747 ( 8 ). 881 ( 6 ), 924 ( 6 ), 
1041 (4), 1107 (2), 1208 (4). 1245 (4), 1270 (1), 1319 (2). 1446 ( 6 ), 1469 (1), 
2704 (1), 2849 (2), 2876 ( 8 ), 2910 ( 10 ), 2940 ( 6 ), 2963 ( 8 ) 

3.8 Dtmetilpentano—Dl'^ 0,69330, Df 0,68911, p e 86°, 1 a 760 mm 
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A V 363 (1), 413 ( 1 ), 440 ( 1 ), 487 ( 2 ), 691 ( 8 ), 793 ( 2 ), 856 ( 8 ), 910 (4), 
931 ( 4 ). 948 (2), 1031 (2), 1078 (4), 1196 (3), 1232 (1), 1280 ( 1 ), 1343 (1), 
1386 (1), 1445 (6 dif), 2868 ( 2 ), 2900 ( 8 ), 2946 ( 6 ), 2971 ( 6 ) 

2 3 Dimehlpentano—'Df 0,69614, Df 0.69087 , p e 89®, 8 a 760 nun 

Av 427 (1), 464 (1), 660 (1). 713 (2). 743 (4). 748 (4), 789 (i). 849 (2), 
916 (4), 966 (2), 986 ( 2 ), 1034 (2), 1164 (2). 1186 {11, 1284 (1), 1302 (1). 
1366 (1), 1446 (6 dif), 1469 (6 dif), 2819 {\). 2877 (10), 2908 (3). 2939 ( 6 ), 
2966 (10) 

2 4 Dimettlpentano—Til^ 0,67714, Df 0,67276, Df 0,66837, pe, 
80°, 6 a 760 mm 

A 149 ( 1 ), 169 (J), 179 (J). 309 ( 6 ). 469 (3), 807 ( 8 ). 869 (i). 918 ( 2 ), 
955 (4), 985 (2), 1033 (J), 1160 (4 dif), 1246 (1), 1318 (2). 1341 (2). 1453 (6 dif), 
2717 (1), 2843 (2). 2873 ( 8 ), 2921 (3), 2937 (3). 2963 ( 8 ) 

2 2 3 Tnmehlbutano —DJ® 0,69007, D“ 0,68683, p e , 81°, 0 a 760 mm 

A 368 ( 1 ). 393 ( 1 ), 449 (i), 624 ( 2 ), 687 ( 8 ). 834 ( 2 ). 918 ( 6 ), 1082 (J), 
1213 (6 dit), 1248 ( 6 ), 1324 ( 6 ), 1437 (6 dif), 1469 (6 dif), 2711 (2). 2869 ( 8 ), 
2903 ( 8 ), 2964 (10) 

« OUano—Dl^ 0,7028, Df 0,69878, p e 126°, 8 

A V 148 ( 2 ). 177 ( 2 ). 283 ( 2 ), 764 (t), 812 ( 2 ), 862 ( 1 ), 898 (3), 1063 ( 2 ), 
1076 (3). 1136 (2), 1169 (J), 1301 ( 6 ), 1446 (6 dif), 2731 ( 1 ), 2864 (10), 2877 ( 10 ), 
2906 ( 8 ), 2942 ( 10 ), 2967 ( 10 ) 

Questo denvato h state studiante anche da Ganesan e S Venkateswaran 
(7 Ind Phys , 1929, 4 , 195), Bomno, Bnill (/ c), Knshnamurti (Ini J 
Phys , 1931, 6 , 643), Collins (/ c ), Kohlraosche Koppl (/ c), I nostn nsultati 
sono in ottimo accordo con quelli degli auton atati 

Z-MettUptano—Tti" 0,70684, Dj' 0,70178, p e 119°, 1 a 760 mm 

A v [160 ( 1 )], 172 ( 0 ), 310 ( 2 ), 490 (*), 760 ( 1 ), 821 (4), 898 ( 2 ), 1162 (4), 
1296 (4), 1346 (1), 1446 (6 dif), 2743 (1), 2869 ( 8 ), 2909 ( 8 ), 2948 (4), 2972 (10) 

2 3 Dtmailesano—BX' 0,71234, D** 0,70829, p e 116°, 8 a 760 mm 

A [161 ( 1 )], 177 ( 1 ), 283 ( 1 ), 399 ( 2 ), 430 ( 1 ). 467 ( 1 ), 602 ( 1 ), 661 ( 1 ), 
721 ( 2 ), 761 (4), 788 (2), 848 (2), 870 (2). 899 ( 6 ), 946 (2), 1003 (2), 1034 (2), 
1062 12), 1169 (4), 1188 (2). 1301 (4). 1340 (1), 1430 (6 dif), 1460 (6 dif), 2818 
(1), 2860 (3), 2874 (10), 2911 (4), 2942 (4), 2967 (10) 

2 6 Dtnuttlesano —DJ® 0,69426, B** 0,69016, p e 109°, 3 a 760 mm 
A V [161 (1)], 174 (1), 260 (2), 810 (2), 448 (2), 498 (1), 667 (1), 780 (2), 
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1366 (1). 1449 (6 dif), 2718 (1), 2766 (1). 2819 (1), 2862 (41, 2870 (10), 2936 (4), 
2966 (10) 

Questo derivato d stato studiatio anche da J Murtay (/ Chem PAys , 1934, 
2, 618) I nostn dati sono in pieno accordo con quelli dell’autore utato 

3 4 Dttnatlesano—Bl^ 0,71951, DJ® 0,71648, pe 117“, 9 a 760 mm 

A V [147 (i)J, 171 (}), 339 (2), 433 (4), 662 (1). 703 (1), 730 (1), 748 (4), 
794 (2), 836 (2), 896 (4), 953 (i), 981 (4), 1034 (4), 1046 (4), 1169 (4), 1279 (IJ), 
1363 (1), 1373 (1), 1460 (6 dif), 2731 (1), 2825 (1), 2863 (10), 2877 (10), 
2913 (1), 2938 (8), 2967 (10) 

Qoesto denvato k stato anche studiato da J Murray (1 c) I nostn 

nsoltati sono in pieno accordo con quelli dell'autore utato, non abbiamo 
potuto pei:6 nlevare la nga registrata da Murray a 1668 cm 

3 Mehl-^ Ehlpeniano—'Dl’' 0.72742, Df 0,72358, pe 118“, 4 a 

760 mm 

A V 360 a), 388 (i), 422 (1), 682 (8), 878 (5). 958 (3). 982 13), 1016 (4). 
1032 (4). 1084 (6). 1184 (2 dif), 1274 (1). 1336 (1). 1374 (1), 1449 (6 dif), 2734 
(1), 2860 (4). 2885 (6), 2917 (6), 2944 (6). 2969 (10) 

2 2 3 Trtmettlpentano—Bl'> 0,71613, Df 0,71212, pe I10“, 1 a 

760 mm 

A V [151 (1)], 170 (i). 362 (2). 392 (2). 462 (i). 487 (i), 630 (6). 717 (8). 
829 (2), 891 (41. 926 (6). 962 (4). 972 (3), 1028 (4), 1082 (3). 1116 (11. 1186, 
(2 dif), 1219 (i). 1243 (2), 1301 (i), 1337 (J). 1444 (6 dif), 1461 (6 dif), 
2733 (1), 2869 (8), 2909 (8), 2948 (4). 2972 (10) 

2 2 4 Tnmettlpentano—Til” 0,69196. DJ* 0,68786, pe 99“, 1 a 

760 mm 

A v. 160 (2), 302 (2). 426 (1). 614 (2), 747 (6), 830 (1). 901 (8). 928 (6), 
1099 (2), 1168 (1). 1202 (2), 1246 (4), 1283 (1), 1344 (1), 1449 (6 dif), 2713 (J), 
2872 (8), 2911 (8), 2944 (2). 2965 (10) 

Questo denvato 6 stato ancbe studiato da Rank e Bodner {J Chem Phys, 
1936, 3 , 248) I nostri nsultati sono m preno accordo con qudh dell’autore 
citato. 
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Fio 1 

Ihsamtone det nsnUatt 

Una nsaervazione anche sommana delle tabelle spenmentali e della 
loro nproduzione grafica npoitata nella figura 1 mette in evidenza come gli 
spettn Raman delle paraffine a catena ramificata si differenzino nettamcnte 
da quelli dei corrispondenti idrocarbun a catena normale e a6 specialmente 
nella zona fra 600 e 800 cm Mentre negli spettn degh idrocarbun para- 
ffinici a catena normale in questa zona mancano del tutto righe Raman o vi 
appaiono assai deboli, negali spettn delle paraffine a molecola ramificata 
abbiamo delle righe che per alcum idrocarbun raggiungono anche note- 
vohssime mtensitii 
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Cosi tiella zona tra 900 e 1000 cm gh idrocarburi a catena ramificata 
mostrano riglie di notevole intensitii meutre nella stessa zona gli idrocarburi 
a catena uormale non presentano alcuiiche di interessante 

Ricordo che la zona dello spettro Raman fra 600 ed 800 cm 6 spostata 
rispetto alia nga c della classincazione a < in abbiamo accennato (vedi tabella I), 
verso le minon frequcnze mentre la zona fra 900 e 1000 cm e spostata 
verso le maggion frequenze rispetto alia nga e In ambedue queste zone 
per gli idrocarburi a catena normale niancano nghe degiie di nota 

Nella zona dtlla nga a si osser\’ano negli spettn degli idrocarbuii a catena 
ramificata dei fatti degm di nlievo I^a nga a degli idrocarburi normal! 
cornsponde ad una oscillazione di deformazione della catena carbonica e 
negli idrocarburi a catena normale vana quasi regolarmente diminuendo la 
propria frequenza con raiinientare della lunghczza dbnda 

Tabfli.a II 
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Negli eptani a catena ramificata che noi abbiamo studiato (vedi tabella 2) 
la detta nga a si mantiene nella posizione deireptano normale soltanto per 
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il 2 metilesano e per il 2 4 *ditnetilpentano Per gli altri eptani isomen la 
nga a manca m questa posizione e si ritrovano mvece gruppi di nghe di 
minore mtensita tra 320 e 500 cm nghe che mancavano del tutto nel'cptano 
Tiormale, nel 2 metilesano e nel 2 4 dimetilpentano 

Un fatto analogo accade per gli ottani a catena ramificata Solo il 
2 5 dimetilesano c il 2 3 dimetilesano presentano la riga caratteristica a 
deU’ottano normale (283 cm Gli altn ottani isomen mancano di nghe 
tra 1 200 e 300 cm ‘ ^ Tutti peri presentano gruppi di nghe tra 300 e 600 
cm zona dove I'optano normale non mostra alcuna nga Raman 

Abbiamo percio divisa la zona tra 260-600 cm in cinque parti che 
mdichiamo con a, a!, a*\ a'", a''" La zona a* comprende nghe che potreb- 
bero cornspondere alia nga a in catene normal] a minor numero di atomi di 
carbomo Per es il 2 2 dimetilpentano presenta una nga a* a 326 cm”^ 
che 6 assai vicina alia nga a o)=- 319 cm del butano e a quella a> 334 cm 
del pentano Cosl il 3 metil 3 etilpentano presenta una nga a* a 360 cm 
che e vicma alia nga comspondente del propano a 376 cm ecc K' mter- 
cssantc a tale proposito nprodurre lo spostamento della nga a dal butano 
all'isobutano paragonando poi quest'ultimo con il propano ed osservare in 
conseguenza I'analoga vanazione fra n eptano e il 2 2 3 tnmetilbutano 


n butano 320 om iBobiitano 370 omPropano 375 cm-' 


C-^C-C-C 




normale eptano 300 om 2 2*3 Trimetilbutano 368 om 






lyO spostamento della nga a verso le maggion frequenze nelle catene 
paraffimche ramificate sembra essere tanto pill sensibile qaanto pib i tadicali 
alchilici sostituiti agli idrogem nella catena pnnapsib occupano posizioni tra 
loro vicine tendendo ad una maggiore *’ centralizzazione" ddlo sdieletro 
carbonico della moleco la 

L'osservazione della tabella (Tabella 3) ci riconferma che lo spostamento 
medio delle nghe verso le maggion frequenze precede non sbltanto con la 
ramificazione della catena, ma, a panth di ramificazione, con la cosidetta 
" centralizzazione ’* della catena carbomca Riproductamo nella seguente 
tabella il valore medio della frequenza Raman nella detta zona fra 260 e 
460 cm per alcum idrocarburi studiati ’ 
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Tabeu,a III 
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E’ noto (come h stato anche recentemente nlevato in iin lavoro di Novell e 
Campbe E) che a parity di altrc condizioni il potere antidetonantc di una 
parafiina aumenta con la centralizzazione ” della catena carbonica net 
senso sovranfento e cioi col rawicmamento degli alchili sostitmti in posmone 
sempre piti simmetnche verso il centro della molecola 

Cosl per es nei dimetilpentam il 3 3 dimetilpentano a catena piti central- 
izzata ha un numero di ottano 98 mentre il 2 2 dimetilpentano a catena 
meno centralizzata ha un numero dt ottano di 5 unitk inferio re al precedente 
Anzi altre nusure attribuirebbero al 2 2 dimetilpentano un numero di ottano 
di 18 unith infenore a quello del 3 3 derivato (8) 

Il gruppo di nghe c, d, e, f, t;, h da rifenre con tutta probabihth ad osdll- 
aziom di vsdenza della catena carbomca della molecola idrocarbunca Negh 
idrocarbun a catena normale le posizioni di queste nghe sono praticamente 
costanti e si pu6 dire indipendenti dalla lunghezza della catena, viceversa in 
questa parte dello spettro Raman tra 600 c 1100 cm la ranuficazione della 
catena porta delle profonde vanazioni 

Negli idrocarbun a catena ranuficata ordinanamente la nga c manca 
ovvero si pu6 supporre che sia spostata verso le pi6 basse frequenze dato che 
invece di essa si trovano una o piit nghe intense spostate anche di 100-160 
cm verso le minori frequenze nspetto alle normah posizione della nga c 
che d di circa 820-840 cm Per gU idrocarbun studiati si pu6 osservare che 
la presenza di righe intense in questa zona sotto agh 820 cm~^4indice 
sicuro di ramiiicazione della catena Altro fatto portato dalla ramificazione 
consiste in una intensificazione di queste r^he anche se pih o meno spostate 
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pal la posuione iiormale della nga c Analogamente agli spettri degli idro- 
carbun a catena ranuficata, la nga e, che nelle catene nonnali si trova ordi- 
nanamente a 880-890 cm ^ raggmuge nna assai piu forte intensity e si sposta 
verso le maggion frequenze anche di 60 70 cm~* cos! (vedi tabella N 4) 

TABEltA I\ 
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nientre nell’eptano nortnale la nga e si trova a 898 nel 3 3 dimetil- 

pentano si sposta raddoppiandosi nsiiettivamente a 910 e 931 cm“* con 
intensitk " 4 ”, mostrando inoltre una altra nga a 948 cm In altn casi 

come nel 2 2 dimctilpentano permane una nga m posuione e ordmana 
(891 cm con inteiisitk assai piii forte che non nello spettro dell’idrocarburo 
normale corrispondente, ma appare una nuova nga (947 cm *) assai spostata 
verso le maggion frequcnze Negli idrocarbun raniificati a 7 e 8 atonu di 
carbonio qucste nghc e sjiostate verso le maggion frequenrc possono cssere 
anche dopjiie o triple 

La prtseiiza dunque di righe intense tra 900 e 1000 cm costituiscc 
pure una carattenstica degli spettri delle paraffine a catena ramiiicata da 
noi studiati 

Sc SI eonsidtra che aiiehe la nga e, come la nga c, sono attribuitc da 
Kohlrausch e Koppl ncl loro studio su idrocarbun normali ad oscillaziom di 
valenza della catena carbonica si deve concluderc chc il passaggio dalle cateue 
normali a quelle ramificate porta una forte jH'rturbazione iielle osciUazioni di 
valenza delle catene carboniche non solo fier ci6 chc nguarda la posizione delle 
righe Raman ma anche per cio che si nfensce alia loro intensity In altrc 
parole la rannficazioiie della catena fa nscntire i suoi effetti sulla deformabi- 
litk dell’elissoide delle refrattivith* nfenbile al complcsso dei legami C-C 
che costituiscono lo sc'heletro della molccola idrocarbunca 

E’ noto che le ncerche tecniche hanno messo in evidcuza |)er questi 
idrocarbun a 7 e 8 atomi di caibonio una diilerenza che carattcrizza netta- 
mente le catene normah da quelle ramificate tro\ ando un alto indice di ottano 
per Ic catene ramificate ed un bassissimo indice jier r|uelle normali 

Stiamo studiando appunto la possibilita di poter valutare, sc pure m 
via di prima approssimazionc, I’ordine di graiidezza del numero di ottano di 
una miscela carburante (ben si intende senza aggiunte di antidctonanti) iii 
base al suo spettro Raman In via di primissimo onentamento abbiamo 
trovato che la radice quadrata della somma dei quadrati delle intensity delle 
righe Raman tra 600 e 1000 cm segue iii modo interessante I’andamcnto 
degli mdici di ottano degli idrocarbun studiati Nella Eigura 2 i nportato 
questo andamento che noi nteniamo per ora del tutto quahtativo e prowi- 
sorio in attesa di anahrzare m modo piii accurato questa eventuale relazione 
Per ora le intensity del le righe cornspondono ad apprezzamenti grossolam 
Una determinazione microfotometrica delle intensity stesse potrk permettere 
una pih decisiva discussione Abbiamo in corso ncerche in proposito 
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Nella zona tra 1000-1100 cm le nghe /eg non presentano nel loro 
insieme gran die di caratteristico, salvo la tendenza ad uno sdoppiamento m 
qualche idrocarburo a catena fortemente ramificata 

Kesterebbero da discutere ancora le zone dello spettro Raman di questi 
idrocarburi tra 1100 e 1400 cm~^ dove cadono nghe nfenbih ad osciUaziom 
di deformazione dei legami C-H tra 1400 e 1500 cm con le nghe caratter* 
istiche del gruppi CH| oltre alia zona 2600-3000 cm~* dove si osservano 
le nghe comspondenti alle osciUaziom di valenza dei gruppi C-H, CHt, CHt 
Tra 1200 e 1400 cm il n esano, n qitano, n ottano mostrano mia uitensa 
nga verso il 1300 cm Negh idrocarbun ramificati al posto di queste nghe 
si trovano pih nghe sparse m tutta I'estensioue dd tratto 1200-1400 cm 
lyC nghe intense a 1400-1600 cm-* non mostrano vanazioni sensibiU con le 
caratter istiche costitutive della catena carbomca 

Cos! pure I’insieme deUe nghe dovute ad oscillazioui di valenza CH tra 
2800 e 3000 cm -* non mostrano a pruna vista caratteristiche ben nette onde 
difEerenziare per idrocarburi a 6, 7 ed 6 atonu di carbomo le catene ramificate 
daUe comspondenti normah, 
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Concladendo I’interesse tnaggiore presentato dallo spettro Raman uello 
studio degli idrocarburi paraffinici a 6, 7, 8 atomi di carbonio a catena normale 
e ramificata oltrechd nella zona 250-400 cm si accentua nel tratto 600- 
1000 cm dove effettivamente le particolantk della catena carbomca pre- 
sentano delle vanaziom ben nette nella posizione e nella intensitli delle nghe 
Raman tanto da poter incoraggiare Tapplicazioue di questo mezzo di ncerca 
anche alio studio tecnico degli idrocarburi paraffima 

Un altro lato interessante della questione potrebbe emergere dal paragone 
tra gli spettri Raman e gli spettri ultrarossi II matenale sperimentale che 
SI ha pero a disposizione nello spettro ultrarosso 4 quanto mai ndotto 
Recentemente Lecomte e Ivamberte'** hanno dato alcuni spettn ultrarossi 
di paraffine lavorando su campiom di siuira identita chimica Una diffi- 
coltk per potere accettare altri dati della bibliogralla come per es quclli 
di Coblentz sta appunto nella provemenza dei campiont studiati Trattan- 
dosi in quest’ultimo caso di idrocarburi prcparati per distillazione frazionata 
da petroli naturali manca ogni siuirezza di identificazione dumica 

Una trattazione completa d'altra parte dei rapporti tra spettro Raman 
e spettro ultrarosso non riesce facile iier il fatto che nchiedtrebbe la conoscenza 
degli spettri ultrarossi degli idrocarburi alio stato di vapore mentre le misure 
che noi possediamo si nferiscono quasi csclusivamente alio stato liquido 
Restano perci6 delle mcertczze sulla apphcazione delle rcgole di selezionc 

Desideriamo ad ogm modo notare che gli spettn ultrarossi pubbluati 
da Lecomte e Lambert mostrano delle frequenti non coiucidenze fra bande 
ultrarosse e righe Raman Specialmente nella zona attorno ai 700-800 cm 
81 trova spesso una forte banda ultrarossa che manca del tutto in elTetto 
Raman Gik Kohlrausch e Koppl nel loro lavoro hanno affrontato il problema 
della corrispondenza degli spettri Raman ed ultrarossi delle catene paraffimche 
normal! in base alle carattenstiche di simmetna difficoltk gik forti che 
81 hanno nell’interpretare i caratten di simmetna delle catene idrocarbunche 
normali si accentuano aucora pih passando alle catene ramificate Rite> 
mamo pera6 di dover nmandare una discussione di questo tipo a quando 
potremo possedere una sene pih numerosa di dati sullo spettro ultrarosso dati 
che siamo m via di procurarci con esperienze in corso in questo Laboratono 
A conclusione generale del nostro lavoro dato che questo avra I’onore 
di essere insento m un volume giubilare che si stamps in occasione del 
60 mo anno di W Raman temamo a nlevare che anche dopo piii di due 
lustn dalla scoperta di questo insigne scienziato I’eiletto Raman si presenta 
per la chimica come un mezzo d'lndagtne del pih alto interesse 

Si pttd dire che quest! due lustn passati dalla scoperta di Raman siano 
serviti a porre delle basi poderose alle apphoaziom chmuchs dello spettro 
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Kaman e cbe pen progress! della cbimica dei deoenni chc verratino dovrenio 
sempre piu essere nconoscenti a questo grande scienziato che ba scoperto 
un metodo d'lndagine fra i piii sottih e potenti della chinnca modenia 
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A CHART OF THE RAMAN BANDS OF WATER 

IN CRYSTALS. 


By P G N Nayar 
1 ItUroiitctton 

It is well known that the Raman spectrum of water in the vapour state 
exhibits a single line at 3654 wave-numbers, while in the hquid state the 
same is a very diffuse band which covers a frequency range from 3100 to 3700 
In the solid state, ice at 0° shows a comparatively sharp band at 3150 
followed by two fainter components at 3270 and 3390 The intensity distri¬ 
bution in the water band, and the influence of temperature and the presence 
of electrolytes on the same, have been the subject of extensive mvestigations 
for an account of which the reader may be referred to reviews by Magat 
(1936) and by Hibben (1933, 1937) Special mention may be made of a 
recent comprehensive paper by Cross, Burnham and I^eighton (1937) in which 
theoretical explanation of the results has been attempted on the basis of the 
Bernal-Fowler theory of the structure of water 

It IS important to remark that the Raman bands due to the bound 
water m crystals present a very extensive field for study The great 
majority of salts when they crystallise out of water carry a defimte number 
of water molecules as part of the crystal lattice During the investigation 
of vanous salts, attention has also been given to the bands due to water of 
crystallisation, and the frequenaes observed will be found listed under the 
various substances in the I^ndolt-Bomstem Tables (1935) However, a 
thorough study of this problem has remamed difficult, as it was not possible 
to record the details of these faint bands except in the favourable cases of 
large single crystals The difficulty has been overcome by Ananthaknshnan 
(1937) who drew attention to the fact that by using the techmque of comple¬ 
mentary filters described by him, it is po^ble to get the complete spectral 
details c& the water bands even with crystal powders He also studied 14 
different inorganic salts and showed that the spectrum of crystal water 
differs widely from crystal to crystal 

In the present work, the study has been extended to 16 other substances. 
Several ai those chosen having a relativdy small number of water mdecules 
fat the chemical formula. In almost every case where a substance has been 
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reinvestigated by the improved techmque it has been found that the data 
available from old work are far from complete The substances studied 
by Ananthaknshnan and those by the author taken together furnish 30 
different cases in which the data are beheved to be complete It is therefore 
thought worthwhile at this stage to present the results to serve as a basis for 
theoretical discussions 

The results are collected together here in diagrammatic form to show 
at a glance the wide variation in the spectra with different crystals The 
substances are arranged in the order of the number of water molecules in 
the chemical formula Ananthaknshnan’s plates were available for inspec¬ 
tion and the diagram is based on measurements of the edges and intensity 
maxima of the bands The curves have been made to represent as nearly 
as possible the appearance of the bands The intensities have been esti¬ 
mated visually relative to the strongest component m each case, and no 
comparison can be made between the intensities in different cases 

Recently Canals and Peyrot (1938) have employed the same techmque 
for the study of water bands, and given their results in the form of a chart 
which may be referred to for 7 additional cases 

2 Expenmenial Arrangement and Results 

The substances used were either Kahlbaum’s pure chemicals or prepared 
by the usual methods and purified by recrystallisation The expenmental 
arrangement was generally the same as that desenbed by Ananthaknshnan 
In the case of substances which Were liable to lose water of crystallisation 
by the heating caused by the mercury arc, provision was made to surround 
the substance with a water jacket 

The frequencies of the water bands m the substances now studied are 
tabulated below 
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No 

l^ubHtance 

Fioquonoiea of 
intensity maxima in cm*”^ 
Intensities given in 
brackets with the 
strongest component «10 

Remarks 

1 

1^,80, H,0 

3467 (10), 3680 (1) 

niffuse bands 

2 

NalOj.HjO 

3430 (10) 

Band of breadth 30 wave nombers 

3 

Cd(BrO,),>H,0 

3304 (10) 4 3466 (10) 

Incompletely resolved doublet band 

4 

Ba(BrO,),.H,0 

3460 (10), 35)0 (3) 

Fairly sharp lines 

5 

KjCjOj H,0 

3276 (10), 3400 ( 6 ) 

Diffuse bands 

6 

NaBr ZH^O 

3430 (10). 3570 (5) 

The band of 3430 shift has a sharp 
edge on the short wave length side 
and shades off on the long wave 
length side The 3670 frequency 
IS a line 

7 

BaClg 2H,0 

3280 (4). 3320 (10), 
3360 (7). 3460 (10) 

3480 IS a broad line 

a 

NatW 04 > 2 H ,0 

3290 (10), 3500 (10) 

Faint diffuse bands 

0 

CdSOj.S/SHjO 

3340 (1), 3430 (10) 


10 

KNaC 4 H 40 , 4 H 4 O 

3260 ( 8 ). 3394 (10), 
3500(4) 

Very diffuse band extendng from 
3126 to 3600 with intensity maxima 
at the places shown 

n 

Mg(BrO,)| 6 H ,0 

3310 (10) 

Diffuse band extending over 60 wave 
numbers 

12 

MgCl 4 NH 4 Cl 6 H ,0 

3257 (I), 3430 (10) 

Band at 8430 extends over 60 wave 
numbers Bands observed at 2846, 
3084 and 3117 have been assigned 
to NH| vibrations 

13 

MgS04(NH4),804 6 H 4 O 

3284 (10). 8304 (10) 

Bands observed at 2848, 3070 and 
3102 assigned to NH| vibrations 

14 

CaCI, AH,0 

3260 ( 2 ), 3208 ( 1 ), 

8440 (10) 

Ham component very strong and seen 
visually Excitation by 4077 also 
present 

16 

Ain, <61140 

8044 (10); 8312(8) 

3044 is the lowest water frequency 
observed in any crystal 

16 

Na,HAa047H,0 

3250 ( 6 ), 3440 (10) 

Diffuse band extending from 8224 to 
3680 with a maximum at 3360 and 
a line superposed at 3440 A very 
faint band at 2076 has been assign* 
ed as due to 0-H frequency of the 
substance itself. 
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4 Summary 

A study of the Raman bands doe to water of crystallisation m 16 dif¬ 
ferent substances has been made, and the results are presented along with 
the earher data available from the work of Ananthaknshnan in the form of 
a chart 
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STUDIEN ZUM RAMAN-EFFEKT. 

Mitteilung XCII Das Ramanspektrum dea dimeren Ketena. 


Von K W F KonutAuscH und R Skrabal 
(170, MUUtluny dern phynikahnchen Inniitiii der Teeknuichm Rochnehvde Gras ) 

Ks wirrl (las Kanianspf^ktriim des dimert^n KeiDns, das in der Diketoform eiQ3in 
Cyclobutan-1, '^diou ontspnclil, aufK^^nommen und zu^ammen mit den Hpoktren von 
('yciobuian (-Radical 1 und Cyclobutanon nut den fttr diose drei Kbrper abgeleiteten 
Krwartunf^-Hpoktrrn verKbchon Ea wird festgestellt, duQ der von engllachcn Auioren 
alls Tlipolmomenl- und andem physikalischen Messungen gazogene Bchlusn, das dimere 
Keten babe vorwtegond die Hbnikiur der Mono-Enol-Form, mit dom Ramanspektrum 
unvei^inbar ist Verauche, das stabilisierte 1, S-Dion m Form des 2, 2-4-, l-Tetra 
ineihyl-cvolobutan-1, 8-dion aufrunehmen, gaben koin gesichorbes Resultat 


I Etnletiung 

Angus-Leckte-Le F?vre^Le F^vre-Wassertnann^ (abgekurzt AXFFW) 
haben schon vor drei Jahren die Konstitution des dimeren Ketens (HjC CO)* 
diskutiert und dabei die folgenden Formulierungen in Betracht gezogen 


A Diketo-Form 
CH* -- C O 

o i - (:h, 


li Keio-Enol-Fortn 
CH - C O 

II 1 

HO C - CH, 


r Dtenol-Form 

CH - C OH 

II II 

HO C - CH 


Aus dem Dipolmomcnt, das m Benzol-I/>sung zu 3,14, m Tetrachlor-Kohlen- 
5tofI-I/)Sung zu 3,30 gemessen wurde, folgern A C F F W , dass die Form A, die 

C (CH ) \ 

ebenso, wie dies bei Tetramethyl-Cydobutan-l, 3-dion O C<^^ (CH*)^ 


festgestellt wurde, kcin Dipolmoment aufweisen soUte, unmogbch allein 
vorliegen konne Da welters die Form C aus thermochemischen Messungen 
—die Bildungs-Wkrme 1081 Kcal/Mol sei nur mit A oder B verembar— 
abzulehnen sei, mdsse, die Substanz zum Uberwiegenden Teil die Mono-Enbl- 
Form B besitzen, eine Folgeruug, die auch mit deu Daten fiir die Molre- 
fraktion m Uebereinstimmung stimde Dass es dabei gestattet ist, aus dem 
in Lostmg gemessenen Dipolmoment Schlusse auf die Normal-Form des 
Molekules zu ziehen, wurde durch die Gleichheit der Raman-Spektren fdr 
die homogene und fur die in CCl, geloste Substanz erwiesen 


^ W R Angus, A. H Leclue, C G LeF4vre, It J. W. Le B%Tnuiid A WaasMnuuuit 

Journ chem Soc ^ Tjondon 1035, 1751 
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Auch wir mussten uns im Laufe unserer Untersuchungen uber Cyclo- 
batait-Denvate emerseits, iiber gespannte esocydische Ketone andereiseits, 
ftir das Raman-.Spektrum von Cydobutan-l,3-dion, das ist die Diketoform 
des dimeren ketens, interessicren Beim Studium des von A L F K W 
xnitgeteilten Spektrums kamen wir nun 7 U dem Krgebms, dass nach alien 
vorliegenden Erfahrungcn der Aufbau des Schwingungs-Spektnuns unveretn- 
bar sei nnt der aus andcrn physikahschen Mcssungen gezogencn Folgerung, 
dass die Substanz vorwiegend die Struktur B besitze Angesichts dieses 
offenkundingen Widerspruches beschlossen wir zunachst eine Neubestim- 
mung des Raman-Spektrums, um uns durch eigeiie Versuche gesichcrte 
Orundlagen fur cine Diskussion des Problemes vom Standpunkt des Molekul- 
Spektroskopikers zu verschaffen 

II Das Raman-Spektrum des dtmeren Ketens 

Die Substanz wurde aus Keten —hergestellt aus Aceton mit der Wolfrani- 
Dampe—das einemal durch Polymensation m Aceton (Kp,^ 49-50°), das 
anderemal durch Polymerisation des in der Bombe verflussigtcn Ketens 
(Kpt, 43-45°, Fp -J 2 °) gewonncn Beide Praparate gaben praktisch iden> 
tische Spektren Das in Tabelle I wiedergcgebcne Streuspektrum wurde aus 
4 Aufnahmcn, zu denen die geschat/ten Intensitaten I, bis I 4 gehoren, 
gemittelt Ii auf Platte Nr 2073, ohne Filter, 3 mahger Wt*chsel, Exposi- 
tionszeit t = 9, Untergrund niittel, Spektrum stark, I, auf PI 2062, mit 
Filter, kein Wechsel, t — 14, Ugd m , Sp m , I, auf PI 2069, m F , t — 14, 

2 mahger Wechsel, Ugd s , Sp st,. I, auf PI 2072, 7 mahger Wechsel, 
t — 14, Ugds , vSp St 

Das aus dem Streuspektrum der Tab I abgelatete /?«»w«-Spektrum 
1 st in Tab 2 den von A I, F F W mitgeteilten Ergebnisscn gegenubergestellt 
Dazu ist zu bemerken lame Nr 6 durfte nicht reell sein, sie tntt als 
Streulime Nr 26 m Tab 1 auf und 1 st als f -668 zu deuten I'ur die lyinie 
Nr 19 haben wir nur auf cincr einzigcn Platte eine recht unsichere Andeutung 
gefundeii Bei den Uinien Nr 2 , 3, 5 ist eine ausserhalb der ublichen Fehler- 
grenzen hegende Abweichung in den Zahlenwerten, bei den Uinien Nr 20 
bis 23 ausgesprochene Nicht-Uebereinstimmung festzustellen Diesbezughch 
teilte Herr Wassermann^ auf eine briefliche Anfrage unsererseits Folgendes 
mit " Im Gebeit 1960 waren die Uinien recht breit und verwaschen, 
ausserdem wurde die Ausmessung gerade in diesem Oebiet auch dadurch 
erschwert, well besonders viele Hg-Uimen nut den Raman-Uimen zusammeu- 
fielen Ich halte es daher fur moghch, dass die Difierenzen 35 


• Wir danken auch hier Herra Wawermann fUr Boiae froundllchen Hchreiben, die 
auoh in anderer HJiuioht manche fiir una nutzliohe Hinweiae enthiolten 
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Tabeij:^ I 

Das Streuspektrum des dtmeren KeUns {HJO C : 0)% a^dettet aus 
4 Atifnakmm dsn relativen Ltnten^ItUensiidkn bts J^, 

1 1 oF , /j. It, It tnF 


No 

B 

h 

h 

h 

1 

>S6ordnUng 

1 

1 No 

Bi 


h 

h 

I. 

Zftordnttng 

1 

24r>n3 

0 




k-152 

26 

22327 

0 

0 

0 

i 

00 

068 

2 

24426 

4b 




q-2963 

27 

1 22283 

3 




Sohatten 7^ 

3 

, 24387 

2 




1 p-^OOO (k) 

28 

22268 

12 

6 b 

8 

7 

6-670 

4 

24300 

3 




f|-%22 

20 

22138 

i 

0 

0 

00 

e-aoo 


24202 

4 b 




k^43 

.10 

22092 

2 


1 

k 

e-846 







q-3126 

31 

22074 

3 

1 

1 

i 

e-864 

6 

24223 





}h3130 

32 

21090 

i 


0 

00 

e 048 

7 

24174 

1 




q<^2U 

33 

21958 

3 

i 

2 

1 

e-880 

8 

24030 

6b 




k-076 

34 

21926 

1 

0 

1 

0 

e-1012 

ft 

23802 

00 




k-813 (f) 

35 

21838 

i 

0 

1 

i 

e-1100 

10 

23802 

i 




k-843 

30 

21743 

lOb 


. 


k 2962 

11 

23842 

2 




k-803 (i) 

37 

21090 

10b 




k-3016 

12 

23751 

00 




k-964 

38 

21626 

i 



00 

6-1312 (f?) 

13 

23717 

2 




k-968 

3ft 

21567 

Oflb 

2 

3 

3 

6-1371 

14 

23685 

00 




k-1020 







k-3138 

15 

23007 

1 




k-1098 

40 

21493 

1 




k-3212 

16 

23621 

00 




1-905 (») 

41 

21398 

0 



« 

i-3118 7 

17 

23391 

00 




k-1314(?) 

42 

21262 

3b 

0 

1 

1 

e-l086 db 9 

18 

23330 1 

3 




k-1375 

43 

21154 

00 




f 

19 

23086 1 

3 


0 

1 

0 + 147 

44 

21082 

4 

0 

2 

2 

e-1866 

20 

22789 

7 


4 

4b 

e 149 

1 

45 

21047 

3 

0 

1 

1 

6-1891 

21 

22014 

3 

00 

1 

1 

©•^24 

46 

19974 

3 

1 

0 

1 

6-2964 

22 

22600 

00 


00 


(-436 

47 

19919 

2 



« 

6-3019 

23 

22497 

! 

5 

2 

3 

3 

e-441 

48 

17996 

0 



1 

0-813 

24 

22437 

1 


1 

i 

O-501 

49 

17871 

3 

2 

3 

8 

6-437 

25 

22415 

6 

2 

3 

3 

0^23 

60 

17792 

4 

3 

4 

4 

0-616 
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Tableixe it . 


Das Raman Spektrum des dtmeren Ketens I nach Angus-Leckie-JyeFdvre 
Wassertnann , II nach Kohlrausch-Skrabal 


No' 

1 

n 

No 

I 

11 

No 

1 

1 

i “ 

1 


ue (4) 

10 

865(1) 

864 (2) 

19 

1547 (1) 


2 

334 (1) 

324 (2) 

11 


931 (U) 


1721 (*) 

1080 (lb) 

3 

4fi0(2) 

436 (3) 

12 

984(1) 

984 (2) 

21 


1866(3) 

4 


Ml (1) 

13 


1010(1) 

22 

1888(2) 

1891 (2) 

r> 

532 (2) 

523 (3) 

14 

1104 (2) 

1 1099(1) 

23 

1933 (3) 


0 

«13 (i) 


15 

1186(1) 


24 

2962 (1) 


7 

074 (8) 

671 (8) 

16 

1270 (1) 


2) 

3019 (3) 

3010 (10b) 

8 


800(0) 

17 


nn ( 00 ) 


3127 (1) 

3131 (4b) 

9 


844 (1) 

18 

1374 (3) 

,1373 (3) 

27 


3213(1) 


(= 1721-1686), 32 (= 1888-1856), 42 (=1933-1891) zum grossen Teil 
nut Fehlern zusanunenhangen, die wir bei der Ausmessung der Flatten 
begangen haben ’* 

Audi bei uns sind die I,iniea 1686, 1866, 1891 mdir oder wemger breit 
und verwaschen , trotzdem wUrden wir den Fehler in unsern Zahlenangaben 
mcht hoher als d: 6 cm einschfttzen und konnen so grosse Untersduede 
wie 32, 36, 42 cm mcht recht verstehen Immerhin kann nach den 
obigen Mitteilungen Hertn Wassermann's weiter kein Gewicht auf diese 
Diskrepanz gelegt werden 

III Dtskussum des Sehmngungs-Spehrums von Cychbutan- 

l,Z-dton 

Es entspncht dem I<eitgedanken unserer Untersuchungen, wetm wtr 
das dimere keten zundchst als em Cydobntan>dion (Diketo-Form A) auffassen 
und versuchen, ob em spdetraler Anschluss an Cydobutan bezw Cydo- 
butanon zu vollzidien ist 

(a) Die AuswaMregeln und die Zuordung der Schwingungs-Formen zu 
den einzelnen Synunetne-Klassen sind filr Cydobutan-l,3>dion und Cydo- 
butanon m Tabelle S angegeben, die schematisierten Schwingungsfonnen 
m Figur 1 
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Tabsli^ nr 

Auswahlregeln und Klasstfizterung der St^mngungs—Formen 
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Pio 1 

I, ir, III schematisierto Formon der Kettensohwmfftmgdn von Oyclobutan, Oyclo* 
butanon, Cyolobutan-1, 3-dion IV* Srhwingunjacaformsn dor elnzMnon Methylen- 
Oruppen, durch ZuaammensetsBunff gleichraasiger Form?n nut verachledenen Phusen 
entatehen die “ OH-Bohwmgungen *’ des Molekids* 

Beim Uebergang von Cyclobutan zum 1.3-Dion verschwindet erstens 
die C/ -Achse, die senkrecht zur Molekulebene a, zu denken ist, zweitens 
treten in der —Ebene an die Stelle zweier Methylen-Gnippen die beiden 
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C 0-Bindungen Das hat zur Folge Eistens, dass einetseits alle in D^i 
nur in Bezug auf C 4 * verechiedenen SchinQgaiigs-t 3 rpen (d 1 nnd Bi^, 
ktg and B*^, A,„ und Bx„, A^ und B,,,) ununterschiedbar woden und anderer- 
seits die entaiten Formen bezw E* aufspalten in B^^ und Bj^ bezw. 
Bjx, und Bs* Zweitens, daiJ je 4 y(CH), S(CH), v(CH) Frequenzen zu 
Gunsten der neu auftretenden Ketten-Schwingungen (04 bis con verschwinden, 

Beim Uebergang von 1,3-Dion zum Cydobutanon vcrschwindet die 
ffj,-Ebene uud damit alle auf ihrem Vorhandensein beruhenden Unterschei- 
dungs-Merkmale, so dass die Schwingungs-Typen nnd B*« zu Ai, B,^ 
und B,„ zu Bi, Ai„ und zu Aj, Bx„ und B^ zu B, verschmdzen. Je 
zwei y(CH), 8 (CH), «'(CH) (in Tab 3 rechts aussen dazugescbneben) treten 
neu hinzu, dafur verschwinden mit der einen C O-Gruppe die B^ttenschwin- 
gungen ww, wn. ^la 

{b) Der zu erwartende Spektral-’Jypus Um einen ungeffihren Ueberbhck 
zu erhalten, wie sich der spektrale Typus beim Uebergang Cyclobutan—► 
Cyclobutanon-Cyclobutan-l,3-Dion andert, wurden die einschlftgigen Formeln 

Z 



des Valeuz-Kraft-Systems (vergl die vorangehende Mitteilung von F Trenkler) 
nut folgendeu Modell-Konstanten ausgewertet F « 11,9 , f = 4,67 , D <» 
1,19, d = 0,467 *10* Dyn/cm, M 16, m' » 12, m = 14 Dabei wurden die 
Wurzeln der bei Cydobutanon auftretenden Gleichung 4 ten Grades g (x) 

X* -- a^x* -f a| X* — aa X -f a 4 OB 0 mit x =» n* 10-* nach den Graefi’schen 
Ndherungs-Verfahren m folgender Art bestunmt Aus g (x) wird duzdi 
Multiplikation mit (- 1 )* >g (- x) erne Gleichnng 8 ten Grades x* + btX* -f 
bix* + b|X* + b 4 » O mit bt = 2 ag — aj*, bg 2 84 •{- Oa' — 2 Sj a. 
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bt 2 a| a 4 — a,*, b 4 = a *4 gebildet Aus dieser durch g^eiche Bdiandlung 
ewe Gleichung 16 ten Grades u so f , bis die Koeffizienten 2 ai, 2 a 4 — 2 ai a,, 
2 at a 4 klew gegen a*t, a^*, a*, werden derait, dass die Koeffizienten einer 
folgenden Gleichung gleich den Quadraten der Koeffizienten der vorange- 
hendeu Gleichung sind Dann sind die Wurzeln der Gleichung soweit 
auseinander gezogen, dass bis auf kleme Fehler gilt Xj = — kt/kg, 
X| = — kj/ki, Xg = — kg/kj, Xg = — kg/kg, nut kg =1 Ergebnis der 
Rechmwg in Tab IV 

Tabeixe IV 


Berechnete Ketten Frequemen der Valenzkrafi-ModeUe von I Cyclobuian, 
II Cyclobutanon, III Cyclobuian 1,3-Z>u>n 
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Flti. 2. 


06«rM FM * Berechnete Ketten-Hpektien (ebene Hchwingungen) der Modetle vun 
Oydobutan, Cyclobutanon, Oyolobutan-l, 3-Dion Queigeetnchelte LInlen werden 
depolarisieit erwartet, Ungaffeetrlchdte eoUen im Raman-Hpektram uirht auttieten. 
Die beigewtsten Elfletn enteprechen der in Figur 1 (Ur die Schwlngunga-Fonnen 
gewUilten Bestfferung 

Vnkm FMi Die entepreehenden SfolekOl-Spektren, die dutch die bclgeeatsten 
Ziflem getroffene Zuordnung kt nur ala rerauchswelae su werten. Dae Spektnim des 
Oydobutana sblfaet wuide nloht dliekt beobaiditet aondem ala Radicab^ktrum ana den 
Upeldma veraohledeaer Derivate abgeleitet. 
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(c) Vergleich von Erwarlung und Beobacktung Misslich fiir den durch- 
zufuhrenden Vergleich ist es, dass fiir die drei Molekule weder Ultrarot- 
spektren noch FolansationS'Messungen in Raman-Spektrum vorh^en und 
dass das aus den Spektren von Cyclobutandenvo/m abgeleitete*-CycIobutan- 
Spektrum nicht zu C 4 Hg sondern zu dem in der Symmetne gestorten Radical 
gehort Ks fehlen also massgeblichc Kntenen und man kann nut aus 
der Zahl der Ramanlinien und aus ihrer Prequenz-und Intensitats-Verteilung 
Ruckschlusse ziehen Danach beurteilt kommt man zu dem Scbluss, dass 
stch zwar das Spektrum des Cyclohutan's und Cyclobutanons mtt der Erwartung 
veretnbaren lissl {vergl die versuchswetse Zuordnung tn Ftg 2), ntcht aber das 
des Cyclobutan- 1, i-Dtons 

Hatte letztercs die Stniktur eines 1,3-Dions, dann waren nach Tab III 
von den 24 moglicheii Schwingungs-Pormen (12 zur Kette, 12 zu CH gehorig) 
nur 12 Raman-aktiv, namlich die Kettenschwingungen <og, eog (pol) und 
“ 4 « « 7 i wg (depol) sowie ]e zwei y(CH), S(CH), v(CH)-Schwingungen 
Beobachtet wurden jedoch 22 lyimen, darunter 4 v(CH)-Freque7en statt 
der cTwarteten zwei und 2 bis 3 C 0-Frequenzen slatt nur emer 

Daraus folgt, Entweder liegt nur erne einzige Molekiilform vor, dann 
muss sie so meder-symmetrisch sem, dass alle Schwingungs-Formen Raman- 
aktiv sind Oder es existiereu zwei oder mchr Molekhiformen in messbareii 
Mengen nebeneinaiidcr 

Im ersteren Fall wiirde m der Tat die Keto-Enol-Form eine hinrcichend 
medere Symmetne besitzen Wurde sie aber, so wie es A E F F W aus 
den Dipolmoment—Messungeii folgern, die dem Prozentsatz nach dominie* 
rende Form sein, dann waren zwar 24 Einien zu erwarten, doch konnte man 
weder das Auftreten von zwe% CO-Frequenzen 1856 und 1891, noch das 
Auftreten von zwet erhohten CH-Frequenzen 3131 und 3213 erkl&ren, 
uberdies wiirde das fur die konjugierte Gruppe C CH C O so uberaus 
charaktnstische Merkmal der abnorm starken Intensitdts-Erhohung der 
beiden Boppelbindungs-Eimen fehlen Wir halten diese nicht zutreffenden 
Kntenen fhr vollkommen ausreichend, um den von den englisdien Autoren 
gezogenen Schluss, das Molekhl Idge vorwiegend in der Mono-Enol-Form 
vor, als nut semem Raman>vSpektrum uuvertrdglich, abzulehnen 

Aus dem Umstande, dass beim Uebetgang Cyclobutanon —>Cyclobutan- 
dion die Einienzahl im Spektrum sich vennehrt statt venmndert, dass femer 
4 stark verschiedene CH-Valenz*Frequenzen und nundestens 3 Doppd- 
bmdungs-Frequenzen beobachtet werden, wird mnn vielxndir wohl schliessen 


' K. W. F Kohlrauseh, B. Skrabal, Mh, Chem , 1987, 70^ 44. 
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tnilssen, dass zwei oder mehr Formen uebeneinander existieien Darunter 
kann nattirhch auch die Mono-Enol-Form sem, sie soUte erne wegen Ritig- 
spannung* * sowohl, als wegen OH-Substitution* stark emiedrigte C C- 
Frequenz (also eher 1373 als 1686 I) und erne einerseits wegen Konjugation 
emiedrigte, andereseits wegen Ringspannung erhohte^ C O-Frequenz auf- 
weisen Aber mit Rbcksicht auf deren infolge Konjugation zu erwantende 
hohe Intensitat mussen wir nochmals betonen Die Intensitat der hierfur m 
Frage kommenden Dinien gestattet es nicht, einen auch nur annaherad so 
hohen Prozentsatz Mono-Enol-Form anzunehmen, dass mit ihm die Hohe 
des beobachteten Dipolmoments zu erklaren ware 

In dieser Hinsicht besteht derzeit ein Widerspmch zwischen den Aus- 
sageu der fdijrsikahschen Methoden, solange man sich darauf beschrdnkt, 
nur die eingangs erwahnten Formen A, B, C m Betracht zu ziehen Wir 
begnugen uns mit dieser Feststellung. da es uns nicht gelungen ist em fur 
die Notwendigkeit der Diskussion auch anderer Moleklilformen wichtiges 
Beweis-Stuck beizubnngen, namlich das Spektram des tetranuihylxerten und 
damit fixierten und mcht zur Tautomene fahigeii Cyclobutan-l,3-dions 


IV D%e Versttche zur DarsMlung ie<t \,\-'i,'i-Tetramethyl-CyclobtUan-l, 
4t~dton mussten wir vorzeitig abbrechen, da der eine von uns (R Skr) seme 
Arbeitsstatte veranderte Wir folgten den Angaben von H Staudtnger,* 
der vom Diemethyl-malonsaure-anhydnd ausgeht Beun Erhitzen desselben 
in der Bombe erhielt er nahczu quantitativ das Cydobutan-denvat, 1, wkhrend 
beim Zusatz von Tnmethyl-amin als Katalysator em Produkt entsteht, das 
um em COj mehr enthalt und als Tetramethyl-aceton-dicarbonsaure- 
anhydrid II aufgefast wird 

1 II 

C(CHs)s 

o.c^ 

Trotz Variation der Versuchsbedir^iangen (verschiedene Glassorte des 
Bombenrohres, verschieden lange Trocknung des Dimethyl-malons&ure- 
anhydndes, Zusatz von als Katalysator) erhiclten wir jedoch stets 


> 


C(0H3)a--(; O 
o 

QCH,), -Co 


o 

> 


^ K W. P KohlrauBoh, R Aeka, Ber Dimsh them Oee , 1936, 69, 720 , L V. 
> Lb Kfthovec, K W« F Kohlrausoh, Zeehr Elehirathem , 1037, 43, 286 

* K. W F Kohtrausch, A. Pongratz, B«r. DUeh them Oee , 1934, 67, 1463 

* K. W, F. Kohlrauseh, R. Skrabal, Zieehr Eleldroehem,, 1037, 46, 282. 

* H. Staudinger, Heh\ ehim Actop 1026, ^ 306, 
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fast ausschlieShch die Substanz n neben svediseltidai hut gerigen Meagen 
der Substanz I Substanz n soUte ein sdur instabiler Koiper sein, der beim 
Krhitzen unter Druck oder beim Kochen nut alkdhdischem HG leicht unter 
CO-Abspaltung in I ubeigeht Wir haben giossere Mengen des Anhydrides 
II mehtmals im Vakuum destilliett, 6 Stunden m der Bombe auf 180° erhitzt, 
14 Stunden im geschmolzenen Zustand in der Raman-Apparatur behchlet, 
ohne eine Zersetzung beobachten zu konnen. beim kochen nut alkoholisdiem 
HCl erhielten wir keiu krystallisierendes Produkt, sondem em Genusch von 
Bstern 

Die schmerzlichste Enttauschung war aber, daO die Spektren der 
genngen erhaltenen Mengen der Substanz I (Fp 114°, Eit 116°) und die der 
Substanz II (Fp 78-79°), die beide am geschmolzenen Zustand gewonnen 
wurden (I PI 2185 m F ,, 2187 m F . 2188 o F. 2189 o F.. t = 14 his 9, 
^ = 120°, II PI 2246, mF t = 14, d =85°), einander so ahnlidi waren, 
daS wir an der Verwendbarkeit der Ergebmsse zweifdn und weitere 
Versuche abwarten mhssen Die gefundenen Ramanspektren waren 



lSS(6b)(±e). 207(l)(e). 241(3) (e), 3S1 (3) (k, ± e), . 434(0)(e). 480())(k,e) 

lSl(2)(±e>, igft(l)(±e), 254(l)(±e). 312(3b)(±e). 337 (() (e) 42S(l)(e,c). 476(l)<e,c) 
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STUDIEN ZUM RAMAN-EFFEKT. 

Mitteilung XCIII * Cyclobutan-I,2-dicarbonsauren und Abkommlinge 
Von K W F Kohuiausch 

ITND 

R Sabathy 

(180, Mitieilun^ aua dem phynikaliBchen Innidul der Technwhen HoehMchuU Oraz ) 

(Mil 1 Figur im Text ) 

Die ersten Angabeu ubei die Cyclobutan-l, 2-dicarbotisduTen (Formd-Bilder 
findet man im Anhang) stammen von W H Perkin jr er erhielt bei der 
Decarboxyherung der Cyclobutan-l, 1-2, 2-tetracarbonsaure ein Gemenge von 
CIS Cyclobutan-l, 2-dicarbons&ure und deren Anhydnd Durch Bdiandlung 
mit Acetylchlond wurde das Gemisch vdlig in das Anhydnd (Fp* 77°) 
ubergefuhrt und aus diesem die cis-Saure (Fp 137-138°) rein gewonnen, 
diese geht bei Erhitzen mit konzentnerter Salzshure in die trans-Form 
(Fp 130°) uber, deren Kondguration spdter von Goldsworthy* durch die 
Spaltung in die optischen Antipoden sicher gestellt wurde In neuerer Zeit 
untersuchten Kuhn-Wassermann* die Cyclobutan-l, 2-dicarbonsauren, sie 
erhielten trotz genauer Befolgung der Perkin’schen Darstellungs-Vorschnft 
weder die durch Fp 137-138° charaktensierte Saure, noch das daraus herstel- 
Ibare Anhydnd, sie fanden vielmehr eine Sdure mit Fp 97-98°, die sie als 
cis-Saure ansprachen, wdhrend die beiden Perkin'schen S&uren als unterem- 
ander gleich und als trans-Form anzusehen seien Diese Ansicht wurde 
gestutzt durch den Vergleich verschiedenet phjrsikahsch-chemischer Daten 
nut deuen anderer Polymethylen-l,2-dicarbonsfturen In der Folgezeit 
gelang es Fuson* und Mitarbeiter aus der Cydobutan-l, 1, 2-tncarbons&ure 
durch Decarboxyherung ein Dicarbons&ure-Gemisch mit dem Fp 98-113° 
herzustellen, aus dem sie nach dem Perkm’sdien Verfahren sowohl die os- 
Saure (Fp 138-139°), als auch die trans-S3ure (Fp 129-130°) gewannen 
Welters werden die Perkin’schen Angaben durch Bode* besthtigt, der aus der 
Cyclobutan-tetracarbonsdure nach dem Vorgange Perkin’s das Dicarbons&ure- 
anhydnd (Fp 78-77°), die cis-Sfture (Fp 138-139°) und die trans-Siure 

1 W H Perkin Jr, J Chem 8oe, Ijondon, 1891, 88, 572 

* vend L?nnon u FerUn, ZentratttlaU, 1928,1.617 

■ 1, J (loldsworthy, J Chem 8ae , London. 1924 196^ 2013 

* P Kuhn nnd A Wasaertnann, Heltetwa c5im. Acta, 1928, 11,600. 

* R 0. Fumn, und Tel Yu Kao, Amcr chem 8oe , 1029, 68^ 1586, R O. Fuaon, 
und R EUlnffboe, ZnUrdlblati, 1935,1, 52 

* U. Bode, Ber Bieck dhem, Oct., 1931,67,382 
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(Fp 130®) erhielt, die von Kulin-Wassermann gefundene vSaure mit Fp 98® 
konnte er zucht feststellen Im ** Richter-Anschutz'' (1935) wird die ganze 
Angelegenheit etwas kurz abgetan mit der Bemerkuiig, da8 die cis-Saure iii 
zwei Formen mit Fp 91-98® uud 139® existiere 

Obige kurze Darstellung der chemibchen Geschichte der Cyclobntan-l, 
2-dicarbonsduren fechien uns im Hinbhck auf die Ergebnisse der hier durchge- 
fuhrten spektroskopischen Unter&uchung notwendig Wir haben (vergleiche 
den Anhang) nach dem Perkin’schen Verfahren die cis-und trans-Saure, 
deren Methyl-und Aethylester, das cis-Anhydnd und das trans-Uianiid 
hergestellt und die Ramanspektren dieser sechs Subslanzen erstmahg 
aufgenommen Die Fusions-und Siede-Puiikte standen in hinreidiender 
Uebereinstimmung mit den urspruiiglichen Perkin'schen Aiigaben, die 
diesbezuglichen Zahlenangaben, ferner jene fur die Brcchungsexponenten der 
Ester und fur die Ramanspektren smd im Anhang zusaminengestellt Einen 
graphischen Ueberblick iiber die Spektren gibt Fig 1 
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Die Ramanspektren von* Cyclobutan-monocarbonsfture (1) und d^ren Methyl-(4) 
und Aethylester (7), ois-Oyclobutan-l* 2-dtcarbonsaare (2) d^ren I)linotbyP(6), Dlaethyl- 
ester (8) und Anhydrid (10); trans-Oyolobutan*!, a-dicarbonsHure (*1), deren Dimethyl- 
(0), Diaethyiester (0) und Dlamid (11), Die Hp^kivtsn von Nr 1, 4, 5» 0, 7, 8, 0 wurden 
am homogenen flUasigen Zustand, dio Spektren Nr 2, 3 an w&asriger liOsung, die Spek¬ 
tren Nr 10, 11 am Krystallpulver gewonnen. Nlcht eingezoichnet wurden in das 
Spektnun Nr. 11 die NH»Frequenaen Av » 3152 (3 b), 3249 (0), 3330 (3b). 
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Aus den Spektren dei Fig 1 lassen aich folgende Anssagen ablesen. 

(1) Die Aehnlichkeit im Typus d« Spekta^n un Fdd I (Sauien), Fdd 
II (Methylester), Fdd in (Aethylester) Iksst scfaliesseu, dafl es sich um 
Denvate desselben Stammkorpers, des Cydobutans handdt, insbesondere 
weisen alle Spektren die fur den Vierer-Ring chaiakteristisdien^ l4xuen bei 
A V ~ 940 (bei den Monoderivaten doppelt und dutch Ringdung 0 gdceiui- 
zeichnet, bei den Didenvaten nur einfach) sowie die gegeniiber den Penta* 
niethylen-Denvaten schwach erhohten CH-Valenz-Frequenzen auf 

(2) Unerwartet ist es, daiS sich der Wert der CX>-Frequenzen m der 
F.stern der zweibasiscben Sauren um fim Mittd) 4 cm gegeniiber dem der 
embasischen Saure erhoht, die Skuren des Feldes I smd in dieser Hmsicht 
nicht vergleichbar, da Spektrum 1 zur bomogenen, also meist assozuerten 
Substanz, Spektrum 2 und 3 jedocb zur l/osung gdiort 

(3) Unerwartet ist es femer, daS zwisdien den Spdctren der as-nnd 
tranS'Form aucb in den Einzelheiten fast kern Unterschied besteht, wfibrend 
bei der cis-und trans-Form der Hexametbylen-1, 2-dicarbons&ure (Hexahydro- 
pbthalsaure) deuthcbe Unterschiedc feststdibar waren * 

Diese im Funkt (3) bervorgehobene spektrale Aehnlichkeit zwischen 
Nr 2 u d 3, Nr 5 und 6, Nr 8 und 9 ist so gro0, dad man versucht sein 
konnte mit Kuhn und Wassermann zu schbessen, es handle sich um erne und 
dieselbe Raumform des Molekiiles und zwar um die trans-Form, da sonst 
der Spaltungs-Versuch von Goldsworthy nicht hdtte gehngen konnen Dieser 
Schluss wird aber widerlegt durch die Tatsache, da6 das Spektrum Nr 10 
mit semen zwei typischen* CO-Frequenzen bei 1784 und 1868 offenbar zu 
emem Anhydrid gehort, da aus diescm durch Eindampfen nut VJass/ex die 
durch Fp 136“ charaktensierte S&ure gewonnen wurde, wird man dieser wohl 
die cis-Form zubilhgen milssen 

Der eigenthche Zweck dieser Unteisuchung und der noch gqilanten 
Untersuchungen an den analogen Denvaten von Cydopentan und Cydo- 
propan war es, den Unterschied m den Ramanspdctren der as-und trans- 
Formen kennen zu lerneu Nach obigem gdangt man nun zu dem etwas 
unerwarteten Ergebnis, daO tm FaUe der Cyclobutan-l, 2-dtcarboHsdMre u$id 
threr Ester etn sokher Unterschied nicht merkbar ist 


* K W F. Kohlcausoh und B Skrabal, MonatehtfU f. Chemie, 1037, 70^ 41 

* L Kahovoo und Mardasehew, Zteehr. f SUktroehemu, 1037, 43 ,283. 

* K W. F. K<ddrauach, A. PoniuwtR, und B 8«ka, Ber. XMetk. dUm. Oee , 1088, 
« 6 , 1 . 

L Kahoveo und K. W. F Kohlrauadt, ZUtikr f SteUreehemle, 1037, 43 , 286, 
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Anhai^ 

Die Darsiellung der Substanzen erfolgte nach Perktn (vexgleiche die 
Eialeitung), Aethylenchlond I wurde durch Idalonestersynthese in den 
1, 1-4, 4-n-Butan-tetracarbonsdure-tetraaethyl-ester II libeigefuhit, durch 
Einwirken von Brom auf dessen Dinatnum-verbinduiig III wird der Ringsch- 
loss bewerkstelligt und der Cyclobutan- 1 , 1 - 2 , 2-tetra-carbons&are Ester IV 
erhahen Dieser wurde durch Ba (OH)i verseift und aus dem Banumsalz 
die Sdure V in Freiheit gesetzt, nach mehrmahgem Umknstallisieren aus 
Wasser und Trocknung bei 100 ° wurde sie durch Erhitzen auf 180-190° 
decarboxyhert Man erhilt als Ausgangspunkt fur das Weitere ein Gemtsch 
von cis-Cyclobutan-1, 2-dicarbonsdure VI und deren Anhydnd VII 

CH,‘C1 Na CH(CO OR)* CH* CH(CO*OR)* 0*11* ONa CH. CVa(CO OR)* 

I + ->1 + —^ I H Br* -> 

CH*-C1 ^a CH(CO OR), CH 3 *CH(CO OR), C,HB»ONa CH, CNa(CO OR), 

I II III 

CH, - C{CO«OR)* CH, - C(CO'OH), CH. ~ CII»CO*OH CH, - CH-CO 

I I “►! I -►I I “^1 I >0 

CH, — C(CO>Ok), CHj - C(CO-OH), CH, - CH CO OH CH, - CH CO 

IV V VI VII 

( 1 ) Cts-Cyclobutan-l, i-dtcarhonsdure-dtaelhylesler C 4 H, (CO OC,H,),— 
Hergestellt aus der Sdure VI durch eintagiges Stehenlassen nut absol Alkohol 
-H HtSO, in der Kdlte und nachtr&gliches kurzes Erhitzen auf dem Wasser- 
bad Dreimahge Distillation im Vakuum Kp, 114,6° (Dit Kp^,o 238-242°) 
Uui=“ 1,4410 Auinahme auf PI 2672, m F , t = 18 , 2673, o F, t ■= 10 , 
Ugd m bis st, Sp St , n = 60 

A V = 164 (1) (e) , 312 (3) (e), 366(2) (k,e,c), 611(0) (k,e,c), 

643 (i) (k, e, c), 761 (i) (e, c). 866 (7 b) (k, f. e, c). 934 ( 6 ) (k, e), 1002 (4) 
(k,e), 1036 (3) (k.e): 1102 (6 b) (k, e), 1167 (1) (k, e), 1211 (2) (k, e). 
1303 (1) (k,e), 1448 (8 b) (k,f,e), 1728 i7J(6b) (f,e). 2870(2) (k,e). 
2936 (4) (q, p, o, k, 1 , e), 2976 (12) (q, o, k, 1 , e) 

( 2 ) Cts-^dohutan-l, 2-dtcarbonsilure-dtmethylester C,!!, (CO^OCH,), 
Darst^ung analog wie beim Aethylester Dreimalige Vakuum-destillation 
Kp, 101 °, (Lit Kp , 226°), no. ,.o = 1.4442 PI 2674, und 2678, beide m F 
Spalt 0,04, t s 32 und 18 , Ugd st, Sp m, n » 16 

A 1 ; - 268 (1) (e), 839 (J) (e), 392 (« (e), 697 (*) (e), 828 (3) (e, c), 
921 (3) (e), 1001 (*) (e), 1093 (3) (e), 1206 (1) (e). 1342 (1) (e), 1389 (1) 
(e). 1442 (3 b) (e), 1730 ± 8 (3) (e), 2967 (3) (e); 2998 (0) (e) 

( 8 ) CiS-cydobiUan-l, i‘d%earb<m5dure~anhydnd (Formd VII)—^Das 
Gemisch VI + VH wurde durch Acetylchlond in das Anhydnd flbergeftkhrt 
Zweimahge Vakaum-destillation, Kpn 147-160° (Lit Kp > 270-273°), Fp 76° 
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(Lit 77”) Hierauf noch zweimalige Destillation un Hochvakuum and 
Einschmelzen in Hj-Atmosphare in das Ramanrohr PI 2587, m F, Spalt 
0,06, t = U, d -= 86 '“, PI 2588, m F, Sp 0,04, t = 32, ^ 96“, Leichte 

Verfarbung nach rot Ugd st, Sp ni, n =17 

A V = 233 (3) (e) , 349 (0) (e) , 392 (J) (e) , 494 (2) { ± e) , 614 ( 6 ) 

( ± e), 712 (2 b) (^ e) . 804 (2) (e) . 902 (J) (e). 949 (3) (e). 985 (3) (e). 
1084 (i) (e) , 1313 (3) (e) , 1784 (J) (e). 1868 (1) (e) , 2850 (i) (e) . 2997 (J) (e) 

(4) Cts-cyclobutan~\, 2-dtcarbonsaure (Formel VI) Das Anhydrid Nr 3 
wurde mit Wasser eingedampft, die Saure viermal aus H^O uxnknstalhsieit 
Fp 136” (Lit 137-138”) 2,55 g Saute warden in 4.1 cm» Wasser gdost, mit 

Tierkohle auf 70° erhitzt und durch Blaubandfilter filtnert PI 2662, m F, 
t = 33 , PI 2663, o F , t = 24 , Ugd im zweiten Fall sehr st, Sp s , n = 24 
Pirgebms unbcfnedigend 

A v = 263 lOO ’) (e) , 412 ( 0 ) (e) . 602 (J) (e, c). 604 (00 >) (e) , 713 (J) 
(e) , 824 13) (t, c) , 880 ( 0 ) (k, e) . 944 (3) (k. c) , 1003 ( 00 ) (k, e) . 1079 ( 00 ). 
(e) , 1220 ( 00 ) (e) , 1443 (1) (e) . 1717 ± 17 (1 b) (e). 2872 (2) (k. e), 
2970 (2) (e) , 2992 (2) (k. e) 

( 6 ) 'Irans-cyclobuian-l, 2-dtcarbonsaure CtHe‘(CO OH)* Die cts-Skure 
wurde durch P^rhitzen (auf 190°) mit Salzsdure im Bombenrohr in die trans- 
Forra umgelagert und mit Tierkohle aus Wasser umknstallisiert Fp 128° 
(Lit 130”) 2 g Sdure wurden m 2 cm * Leilfdhig^eitswasser gdost, mit 

Tierkohle auf 70° erwarmt, zweimal durch Blaubandfilter filtnert PI Nr 
2669, mF, vSp 0,06, t ^24, Pi 2660, oF, .Sp 0,04, t = 14, letzteres 
wenig brauchbar , Ugd m , Sp s , n =23 

A V - 274 ( 0 ) (e), 345 (0) (e). 604 (00) (e). 737 (1) (e), 816 (3) (k, e), 
926 (3) (k, e) , 1002 (1) (k, e) , 1089 (1) (k, e), 1192 (J) (k. e), 1249 (J) (k, e). 
1323 ( 00 ) (e) , 1446 (2) (e) ,1711 t- 17i (2 b) (e), 2874 (2) (e), 2957 (1) (e). 
2985 (1) (e) 

( 6 ) Irans-cyclobutan-l, 2-dtcarbonsdure-dtmethylester C 4 H* (CO OCH*)* 
Die trans-Saure Nr 5 wurde mit ubcrschussigem absol Methylalkohol veisetzt 
und dutch Einleiten von HG bis zur Skttigung verestert, das Reaktions* 
produkt in H|0 gegossen, 2 mal ausgeathert, die aethensche Losung mit 
Wasser und Bicarbonat gewaschen, nut CaG* getrocknet, Aetherruckstand 
zweimal im Vak destilhert Kpi* 107“ (Lit Kp >), nm ,,0 « 1,4461 PI 2628, 
m F , t ■=• 18 , Pi 2629, o F , t = 12 , Ugd m bis st, Sp m , n = 27 

A V = 263 (i) (e), 317 (*) (e), 383 (1) (e), 699 (« (e). 830 (3) (k. e. c), 
922 (3) (k, e) , 1001 (2) (e) , 1098 (3) (k, e) . 1193 ( 1 ) (e>, 1827 fj) (k, e), 
1382 (1) (e), 1446 14 b) (k, e), 1729 ±8 (3 b) (e). 2966(8) (q,k,i,e), 
2998 (4) (q, k, i, e) 
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(7) Trans-(yclobutan-], 2-dtcarhoHsS,ure-dtaethylester C 4 Ha (CO'OC|Hg)t 
Veresterung der trans-S&ure analog me bei Nr 6 Dreimalige Destination 
im Vak Kpio 118°, nm , 7 - -= 1,4400 PI 2636, m F. t = 18. PI 2636, o F , 
t ~ 13, letztere Aufnahme wenig brauchbar, Ugd in bis st, Sp m , n 29 

A V == [270 (00) (e), 319 (00) (e), 344 (00) (e)] (breite verwaschene 
Bande) , 645 {{) (e), 798 (0) (k, e) . 857 (5 b) (k. 1 , e). 928 (3) (k, e), 1002 (1) 
(e). 1033 (1) (e), 1101 (5 b) (k, e). 1191 (00 >) (e), 1295 (00 ?) (e). 1383 (0) 
(e) , 1450 (5 b) (k, e) , 1727 t 14 (4 b) (e) . 2858 (2) (e). 2938 (3) (q, k, e) , 
2976 (3) (q, k, e) . 3017 (2) (e) 

( 8 ) Trans-cyclobutan-l, 2-dtcarbonsdure-dtamtd C 4 H 4 (CO NHf) 4 —^Die 
Ester der trans-Saure warden mit uberschtlssigem konz wassngem Ammoniak 
3 Wochen stehen gelasscn Das ausgeschiedene Diamid wurde aus Wasser 
umknstallisiert and getrocknet Fp 228-230° (Dit 228°) Aufnahme m der 
Festkorperapparatur mit komplementaren Filtem, Hgk-Erregung PI F 83, 
t — 24 , PI F 84 t — 48 Schwaches Streospektrum , n = 17 

Ai'-=503 (|) ,790(0). 925 (2), 1000(1), 1091 (1), 1152 (4), 1314 (i), 
1441 ( 1 ), 1471 ( 1 ), 1582 (i b), 2857 ( 1 ), 2935 (4 b), 2973 (5). 3070 (0 ?), 3152 (3b), 
3249 (0), 3330 (3 b) 



THE ANOMALOUS DEPOLARISATION OP LIGHT¬ 
SCATTERING IN OPTICAL GLASSES. 


By R S Krishnan 

(1851 BxhibUion Scholar, Trinity Cottrgt, Cambridge, England ) 

7. Introductton 

It is now well known that optical glasses exhibit a charactenstic scattering 
of hg^t. comparable in intensity with that exhibited by an ordinary dust- 
free liquid , in many cases, the Tyndall cone is of a beautiful sky Uue colour 
and nearly, but not quite completely polansed when viewed in a transverse 
direction Lord Rayleigh (1919) who remarked on the phenomenon, was 
inclined to attribute it to spherical inclusions m the glass of diameter not 
small, compared with the wave-length of hght and explained the fimte depo¬ 
larisation as due to the appreciable size of these inclusions In his investi¬ 
gations on the scattering of light in solid and flmd media, Prof Raman 
(1922) took a different view, namely that the scattenng in optical glasses 
arises fundamentally from the nature of the amorphous state of matter 
He pointed out that we should expect two distmct types of scattenng in 
amorphous solids, their relative importance depending on the particular 
arcumstances of the case The first type of scattering would result from 
the local (quasipermanent) fluctuations of density due to the non- 

uniform structure of the vitreous sobd whkdi differentiate it from the 
crystal *, this type of scattenng would, in respect of its intensity, be of the 
same order of magnitude as that ansing from the (dynamic) fluctuations 
of optical density in the liquid at the temperature of fusion of the material. 
The second type of scattenng would be due to the thermal agitation in the 
amorphous sohd at the temperature of observation, and its intensity would 
be of the same order of magmtude as the light scattered m a crystal In 
a later paper (Raman, 1927), he reported measurements of intensity and 
depolansation of the hght scattered transversriy by a senes of optical glasses* 
from which it appeared that low intensities and large depolarisations usually 
go hand in hand with low refractive indices, while glasses of high refractive 
indices generally give greater intensities and lower depolarisation These 
results supported the view that the scattering is an intrinsic property of the 
glass Very recently the author (Krishnan, 1936) made a comparative study 
of the light transversriy scattered by seventeen different glasses of optical 
quality with the incident light in Cerent states of polarisation, namdy 
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anpdarised. vertically polarised and hcnizontally pdansed In all the 
studied, it ts found that the values of the depdansation factors p„ and 
Pj,, corresponding to incident unpolansed light and light polarised with 
vibrations vertical respectively, are of the same order of magnitude as is 
usually observed in ordinary gases On the other hand, when the incident 
light is polarised with vibrations horizontal, the horizontal component of the 
hght scattered by the glass in the transverse horizontal direction, instead of 
being equal to the vertical component as m an ordinary gas or hquid, is 
defimtely brighter than the vertical component, * e , the depolarisation factor 
Pa is less than umty as in the case of emulsions and coUoids contaimng parti, 
cles whose size is not small compared with the wave-length of light This 
anomalous depolarisation* has been explained by the author as due to the 
existence of molecular aggregates in glasses, of size not small compared with 
the wave-length of the incident hght The composition of the glass is found 
to have a marked influence on the formation and the size of these molecular 
aggregates. 

In a paper on the theory of the scattering of hght, Hans Mueller (1938) 
has discussed the author's investigations on glasses in great detail He has 
proposed a new theory of the scattenng of light m glasses, based on the 
assumption that glasses contain a random distribution of frozen-in-strains 
Slightly below the solidification temperature these strains are normal ones, 
but at lower temperatures shearing strains are created due to temperature 
contraction It is remarkable to find that the magmtude of p^ as observed 
by the author follows very closely the order predicted by the theory 
Mueller’s paper serves to emphasise the fundamental character of the anomal¬ 
ous depolarisation {%e, p^ is less than 1), in relation to the study of the 
structure of amorphous substances 

Anomalous depolansation is easily to be noticed in ordinary colloids, 
but IS rather difliicult to observe in optical glasses since the value p^ is not 
far different from unity The observation is rendered the more difficult 
by the feeble intensity of the light scattered in the transvarse horizontal 
direction when the incident light is polarised with vibrations horizontal, 
and also by the feeble fluorescence ekhibited by the c^tical glasses Conse¬ 
quently m the earUa investigations, no attempt was made by the author to 
demonstrate the existence of anomalous depcdansation m an objective manna 

* Any value of pk leas than unity la termed aa the aaomatoua depolariaaition 
Pk ia deflned aa the ratio of the intenalty of the vertical to that of the horiaontal 
eoaponant of the aoattered light when the inoldent beam ia polaclaed with vibrations 
horiaontal. 
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as distinct from purely subjective (visual) measurements But in view of 
■the importance of the subject in relation to Mudler's theory of glass structure, 
it was thought desirable to have an objective demonstration of anomalous 
depolarisation in optical glasses 

2 Experimental Detath and Results 

Two methods both based on photi^raphic photometry are available 
for detecting the existence of anomalous depdansation in any scattering 
medium In the first method the transversely scattered light is photo¬ 
graphed with the aid of two double-image pnsms, one in the path of the 
incident beam and the other in the path of the scattered hght Of the four 
tracks thus obtained on the negative, corresponding to the four components 
V,„ H,, V;i and the two middle ones should always be equal If the 
fourth component which is the horizontal component of the scattered 
light arising from the honzontal component of the incident beam is found 
to be distinctly bnghter than either of the two middle amsotropic compo¬ 
nents, pfi will be greater than unity, from which it can be inferred that the 
optical heterogeneity of the scattering medium cannot be identified as due 
to the individual molecules, but due to small groups of molecules or due to 
the “ frozen-in-strams " as Mueller has suggested This method is not 
suitable for the case of optical glasses for the following reasons The first 
component V,, is many times more intense than the other components In 
consequence, the first component becomes enormously overexposed before 
a measurable record of the remaining three is obtained The photographic 
halation produced thereby affects the intensity of the neighbouring compo¬ 
nents in such a way as to upset the equahty of the middle two components 
and to equalise the last two components, namely, and H^, t e., to tngkA 
p/i tend to unity 'The detection of the small difference in the intensities 
of the two components and H 4 is thus rendered difficult 

The second method which is employed in the present investigation 
consists in photographing the scattered light through a double-image pnsm 
using incident polansed light A narrow beam of hght of square section 
was passed through the glass under investigation, the incident hght 
polansed by means of a square-ended mcol The hght scattered transversdy 
in the honzontal direction was observed through a double-image pnsm whidi 
was kept smtably onentated so as to separate the vertical and the tinwy-n tii-oi 
components of the scattered hght m a vertical plane Photographs of the 

t Theao symbols have thi> same ugnifloanoe m those given in Proc Ind dead. Set., 
(A), 1038,1, 782 
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two tracks were taken on the same negative for five different orientations 
of the nicol about the mean horizontal position The corresponding nicol 
readings in degrees were 208, 203, 201, 199 and 194. where the reading 
201 corresponded to that position of the nicol for which the incident beam 
was polarised with vibrations horizontal Each negative containing the five 
pairs of tracks was passed through a Moll microphotometer and the inten¬ 
sities of the two tracks in each pair were compared Three glasses having 
melt numbers 23970, 23497 and 22608 and also a bulb containing dust-free 
ethyl ether were examined under identical conditions The respective 
microphotometric records are reproduced in Eigs 1 to 4 

For the glass 23975 when the nicol reading is 208 the vertical component 
of the scattered light is definitely bnghter than the horizontal compo 
nent (see Fig 1) As the nicol is rotated towards the horizontal posi¬ 
tion, the two com])onents become equal in intensity and when the reading 
is 201, t e , when the nicol is in the exact horizontal position, the honzontal 
component is definitely brighter tlian the vertical component thus giving 
rise to a value of p^, less than unity When the mcol is rotated further in 
the same direction, the two components of the scattered light again become 
equal in intensity and for a further rotation of the nicol the vertical compo¬ 
nent becomes bnghter than the honzontal component The reversal of 
intensities of the two components is dearly seen in Figs 2 and 3 But 
it IS not so very conspicuous as in Fig 1 This is what should be expected 
since the observed values of for these two glasses are higher than that 
for glass 23975 The following table gives the comparative values of 
p„, Pj, and P 4 for the three glasses and also for ether 


Table I 


tSoailcniig substance 

pH* 


• ! 

s j 

Glass No 23970 

0 012 

0 0046 

0 68 

Glass No 23497 

0 040 

0 02 

0 77 

Glass No 22608 

0 061 

0 03 

0 91 

Bth>1 ether 

0 08 

0 042 

1 00 


* These values arc taken from Proc Ind Acad Sex . ( K), 1030, 8, 210 


The microphotometnc record taken with ether does not exhibit any reversal 
in the relative brightness of the two components For med readmgs 
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194, 199, 203 and 208 the vertical component is definitdy bni^ter than the 
horizontal component, whereas for ntcol reading 201 the two are equal in 
intensity showing thereby that has the limitu^ value of unity lliis is 
m accordance with the theoretical considerations From this it can be 
inferred that the anomalous depolansation observed m the case of the three 
optical glasses investigated is a genuine effect and not due to any defect 
in the expenmental technique If smtable coloured filters are used to 
eliminate flourescence, the reversal in the rdative brif^itness of the two 
components can be seen more conspicuously 

In conclusion, the author takes this opportumty to express his grateful 
thanks to Prof Sir C V Raman for his kind and helpful interest in the 
work 

3 Summary 

An experimental method based on photographic photometry is described 
for demonstrating the existence of anomalous depolansation, te.pt less than 
unity, in optical glasses Microphotometnc records are reproduced which 
clearly show the existence of anomalous depolansation m optical glasses. 
Three typical glasses are examined The expenment was repeated with 
ether as the scattenng substance and a negative result was obtained showing 
thereby that there was no defect in the experimental technique 
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LOW FREQUENCY RAMAN LINES IN ORGANIC 

CRYSTALS. 

BV C S VbNkATisJSWARAN 

Immediately following the discovery of the Raman Effect by Prof Sir C V 
Raman in 1928, Krishnan in a Note to Nature (1928) reported six frequencies 
for crystalline quartz, out of which three namely, those at 127, 207 and 
267 cm were attributed by him (1929) as charactenstic of the crystal 
as a whole and distinct from the inner vibrations of the molecules in the 
crystal He also observed (1929) similar low frequency Raman lines for 
calcite and gypsum Later Krishnamurti (1930) showed that a sharp and 
intense line with frequency varying from 230 to 166 appears in the crystals 
of certain morgamc nitrates, but vanishes when they are examined m 
aqueous solutions He has suggested therefrom that this frequency in the 
nitrates owes its origin to the mutual vibrations of the metal ions and the 
NOs ions in the crystal lattice and its magnitude depends upon the mass of 
the cation The influence of increase of temperature on the position and 
character of the low frequency Raman lines studied by Bnckwedde and 
Peters (1929) and Ornstem and Went (1936) also confirm the view that they 
are characteristic of the crystal lattice In his investigations on the Raman 
spectra of calate and aragonite Bhagavantam (1931) has further shown 
that the magnitude of these frequency shifts for the same chemical individual 
depends on its crystal structure 

Similar low frequency Raman hnes in orgamc crystals with shifts 
ranging from 20 to 130 cm were for the first time observed by Gross and 
Vuks (1936) in benzene, diphenyl ether, dibromobenzene and naphthalene 
The fact that these lines in organic solids fall in the region where the ' wing ’ 
in the liquid appears, has led these authors (1936) to postulate that the latter 
is almost completely made up of these lattice Raman hnes which become 
diffuse and merge with one another m the liquid state These conclusions 
of Gross and Vuks regarding the ongin of these hnes in the crystals and then 
relation to the ‘ wing ’ in the corresponding liquids have been questioned 
by Sirkar In a senes of communications deahng with this subject, Sirkar 
and Gupta (1936-38) have put forward the suggestion that these low fre> 
quency hnes owe their origin to intermolecular oscillations polymerised 
groups of molecules in the solids, which are bound together by a weak 
electronic bond The present investigation with orgamc crystals was 
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undertaken with a view to throw some light on the origin of these lines in 
ciystals and their bearing on the * wing * in liquids 

Experimental 

The substances examined were Kahlbaum's pure chemicals further 
purified by slow distillation in vacuum into the experimental tube The 
molten liquid is cooled slowly till it sets into a translucent mass below the 
melting point Though the solid thus obtained is polycrystalhne, parasitic 
hght IS very much reduced m the scattered spectrum and reasonably good 
pictures are obtained with clear lines in the neighbourhood of the Rayleigh 
line For an investigation of this character the choice of a proper spectro¬ 
graph is of the utmost importance Most of the spectrographs generally 
used for photographing Raman spectra possess a well-defined coma consisting 
of one or more broad bands on the Stokes side, round about 100 cm from 
the Rayleigh line This instrumental defect is shown markedly by several 
of even the high grade spectrographs installed in this laboratory This 
coma IS comparatively very feeble in the Hilger two-pnsm glass spectrograph 
and IS noticeable only in very heavily exposed spectrum plates The latter 
instrument was, therefore, used in the present investigation and care has 
been taken to ehmmate errors arising from this defect Though the disper¬ 
sion of this spectrograph is only 22 \ per mm in the 4046 A region, due to 
the large size of the prisms and lenses its resolving power is considerably 
greater than that of either the Fuess spectrograph having a dispersion of 
18 k per mm used by Sirkar or the one employed by Gross and Vuks in their 
investigations This has enabled the author to obtain correct estimates of 
the width of these hnes at various temperatures The temperature of the 
crystals is vaned by means of an electric heater surrounding the whole of 
the experimental tube The plates are measured with the aid of a Hilger 
cross-slide micrometer and the accuracy in the case of sharp lines is of the 
order of 1 cm 

Results 

The results of the investigation are given m Table I* and some photo¬ 
graphs of the spectra are reproduced m the accompanying plates Table II 
gives the data on the low frequency Raman lines in organic crystals so far 
published by other authors 

The following observations may be made on the results obtained in the 
present investigation All compounds containing the benzene nucleus 
yield in general four lines with frequency shifts ranging from 20 to 130 cm 

* NoU ‘ The complete epectra of coumaitn and dimethyl-y pyrone ast Wf*n os 
fioiiie of the other oompounde will ba reported in a separate oommunlcatlon 



450 C. S. Venkateswaran 


Tabu I 



* These two lines AppeAT as a single broAd bend on the Stohes side 
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Ko SubsUnoe 


9 Cotimarin 
MP 71® 


CryttUl and Tbmpe 

Molecular rature 

Stnirturci in ®0 


Bbombio 


">0 

\/\/ 


10 Naphlhatene 
M P SO® 


Monoolinic 


\/\ 


11 Pipbonvl Monuchmo 

MP70® y—\ 




13 Benxopitenoiic 
M P4S“ 


Rhombic 

0 


n 8a!ol 

M P 4V 


14 Chloroaoatio 
arid 




Rhnmbio 
HO C,HcCO 
0 C,fl» 


Bhombifl 
C'H^ COOH 





Bunan PrejneiioK* 


2fi° ‘1»(5) 65(6) 66(6) 112(6) 

00 ( 2 ) 


00° (6) 66 (0) 64 (4) 106 (4) 

06(1) 

68° 38(3) 66(0) 61(4) 106(4) 

08(1) 

70° 38(3) 61(0) 103(>l>) 

67(1) 



102 (7<i) 
122 ( 1 ) 
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Tabus It 


No 

Substanoe 

Chomioal 

Formula! 

Tempe 
raturo 
in "C 

Raman FVeqiiencien 

Reference 

1 

Benfsene 

C,H,, 

(Rhointjic jmsmntio) 

- 0“ 


02 (4 b) 


104 (2 b) 

G amlV* 


$ f 

If 

- 180® 


81 

08 (b) 

126 

8 andG 

2 

Diphonvl ether 

(f’,n,)»o 

(Rhombic) 


22 (Or) 

38 (2 a) 

67 (8 b) 

104 (10 b) 

G and V • 
and S 

3 

Naphthalene 

CjoHg 

0® 

45 (4 R) 
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provided the hnes are fairly sharp and the spectrum is intense There is a 
general similarity in their low frequency spectra and in most cases the fourth 
frequency which has a shift of more than 100 cm is nearly double the 
second The latter line which appears round about 60 cm-* is one of the 
most intense lines of this group and in all cases it has greater intensity than 
the one preceding Apart from these similarities, the magnitude of the 
frequencies vanes from compound to compound 












Low Frequetuy Raman Lttus m Org^iu Crystals 


453 


As illustrated in the accompanying plates, the width of the hnes also 
vanes considerably with the nature of the substance In coumann, catechol, 
benzoic acid and salicylic acid all the hnes except the outermost one are 
fairly sharp, in paradichlorobenzene and naphthalene they are broad and 
in diphenyl they are very broad The great breadth of some of these hnes 
may be due to their composite character Sirkar has shown that at liquid 
air temperatures these lines sharpen just as other molecular vibrations them¬ 
selves do But on raising the temperature up to the melting point no appre¬ 
ciable effect IS observed on the first two lines The outermost frequency, 
however, shows a measurable diminution due to the expansion of the crystal 
and diffuses out slightly as illustrated in Figs 1 to 5 In passing over to 
the hquid state, there is a sudden transition, the lines being completely 
replaced by a wing whose intensity is great near the Rayleigh line In 
phenol (Fig 2), four broad hnes of almost equal mtensity ajipear just resolved 
at the room temperature, but at 38° C , that is, just below the melting point, 
due to further broadening of the hnes, the structure of the pattern is lost 
and instead, a band sharply ending at 110 cm appears on the plate The 
author is unable to confirm the change in the spectra of ^-dichlorobetizene 
at less than 25° C and greater than 33° C reported by Vuks (1937) and 
attributed to change of crystal form, even though the substance was kept 
for well over a week at ice-cold temperature before the spectrum at 25° C 
was taken The minor changes in the spectrum of this compound given m 
Table I are to be explained as caused by changes of temperature alone 
unaccompanied by change of crystal structure 

Liquid benzophenoue in the supercooled state gives a well-defined band 
at 102 cm corresponding to the sharp hue in tlie solid in that position 
The wing, however, is less prominent in the Uquid The persistence of this 
band in liquid benzophenone has also been previously observed by Gross 
and Vuks (1935) A similar observation has been made by the latter authors 
and by Sirkar (1936) for diphenyl ether In diphenyl also, corresponding 
to the broad line at 150 m the solid, there is a band at 140 in the liquid 
(Mukerji, Aziz, 1938) 

Distilled salol in vacuum remains in a transparent glassy state up to the 
liquid air temperatures The glass softens to the hquid condition much below 
the melting point as the temperature is raised The spectra of the light 
scattered by the glass at liqmd air temperature and the liqmd salol are given 
in Fig 7. In the glass a continuous spectrum is present which masks the 
Raman hnes beyond 400 cm to some extent In spite of this fact, 
for the same mtensity iff the spectra of tiie glass and the hqmd as 
judged from the intensity of the Raman hnes of larger frequency shifts, the 
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glass shows neither a wing nor any line near the Rayleigh line, whereas the 
liquid gives a fairly intense wing characteristic erf the liquid state. The 
crystals of salol prepared by the method desenbed earher form an opaque 
mass and yield Raman lines only on long exposures l!liough under these 
conditions the region near 40461 is affected by halation, one fairly intense 
and sharp line at 96 and one faint line at 70 could be identified on the plates 

Discussion 

Origin of low frequency Raman lines —The influence of temperature on 
these lines in the crystals and especially their total disappearance as discrete 
lines in liquids are characteristic features which suggest that they are not 
due to intramolecular vibrations but are intermolecular in origin Gross 
and Vuks (1935) have attributed these hnes to oscillations of the crystal 
lattice Sirkar (1936) avers that the change in the polarisability invirfved in 
a lattice oscillation is too small to account for the great mtensity of these 
lines as compared to the intense Raman lines of the molecule He has 
also pointed out other considerations such as the persistence of these hnes 
in some liquids and solutions, the differential changes in frequencies of various 
lines of one and the same crystal due to changes of temperature and the m- 
adequacy of these lines to account for the heat content of these crystals by 
their Debye functions, as obstacles in the way of assigmng them to crystal 
osallations Based mainly on his arguments against their lattice origin, 
he has suggested that they arise from intermolecular oscillations of poly¬ 
merised groups in the solid 

The following considerations are, however, in favour of attributing these 
lines to lattice oscillations in the crystal (1) The results given m Tables 
1 and II show that in the case of benzene derivatives, though there are 
certain general similanties in the spectra, considerable variations occur ill 
the magmtude, intensity and breadth of the respective Imes due to changes 
both in the molecular structure and m crystal form The change due to 
crystal structure alone is particularly noticeable m resorcinol and catechol 
having very similar chemical formulse, the intense line at 70 cm in the 
former appearing at 56 cm' ^ in the latter Benzoic acid and saheyhe acid 
having similar crystal structures, on the other hand, show a small difference 
only in the intensities of the hnes, whirii is doe to the difference in thrir 
molecular formulae (2) In inorganic crystals of the lomc type the lattice 
Raman hues are known to fall in the re^pon between 100 to 300 cm When 
the force between the oscillating mass pomts is valence as in diamond the 
frequency is very much higher In the organic crystals belongiiig to the 
molecular type of lattices, the intermolecular forces are weaker the 
electrostatic forces m lomc crystals and consequently the lattice frequencies 
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should be correspondingly lower The experimentally observed Raman 
lines are of the expected magmtude (3) It has been observed m a large 
number of orgamc crystals (Pigs 1 to 5) that as the temperature is raised 
these hnes retain almost the same breadth up to the melting point In the 
case of ionic crystals, as far as it is known, these hnes become more diffuse 
at higher temperatures This is well illustrated by the beautiful photo¬ 
graphs of the spectra of sodium mtrate taken at different temperatures by 
Nedungadi (1938) This difference in the behaviour of lomc and molecular 
ciystals may be explained as follows If A and B are two points connected 
together by a force /, the frequency of osallation v is given by y =■ 2ir v'/in, 
where m is the reduced mass In the case of ionic lattices the distance be¬ 
tween the oscillating units is small and the force is great Dunng an oscilla¬ 
tion, these two units, A and B approach and recede from each other and the 
force / varies between a maximum and a mimmum It is thus easy to see 
that V will cease to be monochromatic and give rise to a broad Raman hne 
With the nsc of temperature, this variation of force and consequently the 
breadth of the hne will also increase In the case of molecular lattices 
the distance between the mass points is generally larger and the force is less 
than for the ionic and the variation in the force dunng mutual osallations 
of the units is relatively small, changes due to nse of temperature is 
negligible, provided the amplitude of the oscillations remains small, as is the 
case so long as the solid state is maintamed This accounts for the fact 
that no appreaable change is observed m the sharpness of the lattice hnes 
in organic crystals in which only residual molecular forces are responsible 
for such oscillations No x>ropcr explanation is possible for this difference 
in the behaviour of molecular and ionic crystals on the theory of polymerisa¬ 
tions postulated by Sirkar (4) It is significant to note that while salol 
crystals have yielded one sharp and fairly intense hne at 96, no such hne 
IS observed in the glassy state There is more likelihood of polymers exist¬ 
ing in glasses than in crystals The fact that the hne is not recorded m the 
glass indicates that a ciystalltne lattice in which umts are oscillating with 
defimte phase relationship with each other is necessary to produce these 
low frequency hnes 

Oscillations of molecules which constitute the mass-points of a crystal 
lattice can be produced by a displacement from an equihbrium position 
resulting from the mtermolecular forces, either by a translation or by a rota¬ 
tion through small angles about the centre of gravity The frequency of 
a translational oscillation is determined by the intermolecular forces and the 
masses of the oscillating units and that of a rotational oscillation depends on 
the moment of inertia of the molecule As has been pointed out by Sirkar, 
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the mutual oscillations of either type of a single pair of molecules or groups 
of molecules may not produce sufficient change m polansabihty to yield an 
intense Raman line in light scattering But the crystal is an elastic contmuum 
and the several units in the lattice oscillate with a defimte phase rdationship 
with each other It may be assumed that at any instant dunng an oscilla¬ 
tion when a molecule approaches the neighbouring molecule on one side, 
its opposite neighbour will be receding from it so as to maintain the centre 
of gravity The cumulative effect of this is to render the change in polansa¬ 
bihty in a finite volume sufficiently large to account for the appearance of 
intense Raman lines The results of the present investigation indicate that 
the outermost lines at about 100 cm are to some extent broad and dimini^ 
in frequency and diffuse out as temperature is increased up to the melting 
point The lines nearer the Rayleigh, on the other hand, retain their sharp¬ 
ness and show proportionately small changes m frequency at these tempera¬ 
tures The difference in the behaviour of these lines suggests that the outeir 
most line is due to translational oscillations of the lattice and the intense 
lines of smaller frequencies are due to the flexural oscillations of the lattice 
involving * hindered rotation ' of molecules The anomaly pointed out by 
Sirkar in the changes of these frequenaes at different temperatures and in 
crystals of similar molecular structure is thus due to a difference in the nature 
of oscillations responsible for each of these lines In a note to Current Science, 
the author (1937) pointed out that in the cubic crystals of COs, the sharp 
line at 58 cm agrees with the lattice frequency calculated from the 
Zyindemami's formula and is of the same order of magmtude as the frequency 
of hindered rotation of the molecules calculated on the lines indicated by 
Pauling (1930) for linear molecules This agreement has led to the sugges¬ 
tion that this line is due to a flexural oscillation of the lattice of the type 
indicated above In a recent paper Sirkar and Gupta (1938) have criticised 
this view of the author on the basis that the heat content of sohd COt cal¬ 
culated from the Debye function of this frequency does not agree with the 
observed facts Similar considerations have been advanced by them to rule 
out the lattice origin for the hnes in sulphur and benzene It may be pointed 
out that Debye functions are applicable only to conhnu'us radiations having 
frequencies ranging from zero to a hmiting value v«„ the existence of which 
is demonstrated by the fine structure of the light scattered by sohds (Raman 
and Venkateswaran, 1938) The lattice vibrations have a definite frequency 
and yield a dtsxrct. hue just as the molecular vibrations do Hence for the 
calculation of the speafic heat of a sohd, the Einstein functions of these 
frequencies are more appropriately applicable than the Debye functions 
If calculations of specific heat are made on this basis, taking into account 
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the degeneracies involved m a particular oscillation, the discrepancy dis¬ 
covered by Sirkar and Gupta disappears 

In relation to the mng tn liquids —Gross and Vuks (1936) have postu¬ 
lated that the lattice Raman lines in sohds broaden and give nse to the wing 
that IS observed on either side of the Rayleigh hne in hqmds The chief 
characteristics of this wmg in liquids are its great intensity at or near the 
Rayleigh line and its rapid but continuous fall upto a hmit which vanes from 
hquid to liquid It is prominent only in anisotropic molecules and is de¬ 
polarised to an extent of 0/7 throughout its entire region Rao (1934) and 
Gross and Vuks (1936) have reported that there is no observable difference 
in the distribution of the intensity or its extension with the nse of tempe¬ 
rature upto the boihng point, except in the region from 0 to 20 cm where 
according to the latter authors there is an increase in intensity with nse of 
temperature for certain viscous iquids Though on a rough estimate the 
wing in the hqmds and the lines in the solids show some correspondence 
(Sidorova, 1937), careful examination of Pigs 1, 2 and 3 wiU reveal im¬ 
portant differences m the extent and distnbution of intensity in either case 
Thus in coumann and naphthalene the hues exist up to 110 to 120 cm~^ 
whereas the wing, in equally exposed plates, extends only up to about 70 or 
80 cm In phenol, the extension of the wing is greater than for the lines 
Secondly, the hne at about 60-60 cm is the most mtense in the lattice 
spectra, but the wing shows no maximum at this point Thirdly, if the major 
portion of the wing in hqmds is vibrational m origin, it has to be postulated 
that a quasi-crystallme structure exists m the hqmds and remains the same 
upto the boihng point, in order to interpret the results obtained with the 
wing at higher temperatures satisfactorily This is highly improbable Fourth¬ 
ly, glass itself being a supercooled hqmd, the discrete hues in the crystals 
should exhibit themselves either as a wmg as in hqmds or as broad bands 
Author’s results with salol, glass and liquid, conclusively show that this is 
contrary to facts (Fig 7) Fifthly, Gross and Vuks (1936) themselves have 
observed that these lattice Raman hnes in sohds show a depolarisation factor 
varying from p bs 0 to /) a 1, and this does not fit in with the observations of 
all investigators that the wing in liquids is depolarised to an extent of 6/7 
throughout its entire region Sirkar and Gupta have also adduced other 
evidence to show that the wing and the low frequency Raman hnes are not 
connected with each other The obvious conclusion arising from these 
considerations 18 that the wing in hquids is an entirely ind^ndent mam- 
festation of the properties of molecules in a state of rotation in a random 
fashion in the medium The discrete hnes arising from translational or 
flexural oscillations of the lattice cease to exist m the hqmd, and the hindered 
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fotatiou of molecules involved m the flefcoral osoUalSons is replaced by 
complete rotation m the hqmds, provided the viscosity is not very great 
As suggested by Raman and Krishnan (1928), this molecular rotation gives 
rise to the wing in liquids, with a distnbution of intensity sunilar to that 
observed by Bhagavantam and Rao (1931) and Weiler (1935) for gases above 
critical pressures 

There is one fact, however, which needs explanation In hqmds, benzo- 
phenone, diphenyl and diphenyl ether, a wdl-defined band appears m the 
place of the line above 100 cm in the solids and is observed to persist even 
at high temperatures and in dilute solutions These three compounds 
possess two benzene rings linked through a valence bond According to 
the present author, this band arises from deformational oscillations of these 
two rings against each other and thus appears to be intramolecular in ongpn 
and have nothing to do with either the lattice oscillations as suggested by 
Gross and Vuks or with polymerisation as postulated by Sirkar A similar 
oscillation which gives rise to a depi^rised Raman band below 200 cm~* 
has been observed by Saxena (1938) for bicychc compounds 

In conclusion, the author desires to express his grateful thanks to Prof 
Sir C V Raman for his continued interest and valnable suggestions in the 
course of the work 

Summary 

The Raman spectra of the low frequency region between 20 and 130 
cm-* have been recorded for fourteen orgamc sohds and the influence of 
nse of temperature upto the mdting point on these lines in a few cases has 
been investigated These hnes in the solids are interpreted as arising 
partly from translational and partly from rotational oscillations of the 
molecules with definite phase-relationship with each other m the 
lattice I^iquid salol exhibits a fairly intense wing near the Rayleigh 
line which does not appear in salol glass at hquid ait temperature This 
observation and other experimental facts such as extension of the wing, 
the distribution of intensity and the influence of temperature on it and the 
degree of depolarisation at different points m the wing and the correspond¬ 
ing lines in the sohd do not support the hypothesis of Gross and Vuks that 
most of the wing in hqmds arises frmn the lattice Raman lines and that 
the hquid state is quasi-crystalline in structure A band observed in liquids, 
benzophenone, diphenyl ether and diphenyl in the place a Bne above 
100 cm -* in the solids is attributed to a deformational in the 

molecule itself, which seems to be characteristic of bicychc 
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DEPOLARISATION OF UNMODIFIED 
LIGHT-SCATTERING IN LIQUIDS. 

By Bishambhar Dayal Saxena 
7 Introduction 

Evpenmental —One of the most easily observable facts concenung the 
dil^Ubion of light in dnst-free liquids is the partial polarisation of the trans¬ 
versely scattered light This can be seen at once on viewing the path of a 
beam of light through d liquid with a double-image prism, and reqmres 
neither a monochromatic source nor a spectroscoiie The defect of polarisa¬ 
tion depends on the chemical nature of the liquid and on the temperature of 
observation, and quantitative measurements of it for a variety of substances 
are recorded in the earlier literature on light-scattering and especially in the 
careful and extensive investigations of K S Knshnan (1925) In the classical 
theory of light-scattering, the depolarisation is ascribed to the optical aniso¬ 
tropy of the molecules and their random orientation in the hquid As the 
result of the discovery of the Raman effect m 1928, the subject has however 
assumed an entirely new complexion When it is realised that the light 
scattered by a liquid includes a whole range of frequencies different from that 
of the incident light, it might seem at first sight that measurements of depolar¬ 
isation made without a spectroscope have no significance That this is not 
really the case and that the earlier measurements of depolarisation have an 
important bearing on the effects observed with the spectroscope was shown 
by Raman and Bhagavaiitam (1931) with the aid of a new techmque devised 
by them, namely, the spectroscojiic measurement of depolansation with a 
slit of variable width They showed that if the incident light is monochromatic 
and the polarisation of the transversely-scattered light is measured with the 
slit of the spectrograph wide open, the value of the depolansation observed is 
sensibly the same as that obtained in the earher (non-spectroscopic) obser¬ 
vations Wlioii, however, the slit is narrowed down, the depolansation falls 
off, until finally with a very fine slit, it may reach a considerably lower value 
This conclusion has been fully substantiated by the work of later observers, 
namely Venkateswaran (1932), Ranganadham (1932 and 1933) and Rousset 
(1935) The explanation of the results stated depends on a fact first noticed 
by Sir C V Raman (1928) namely that the spectrum of monochromatic light 
scattered by a liquid includes not only discrete hnes, but in many cases also 
a continuous s|>cctrum with a marked defect of polarisation This continuous 
spectrum appears overlying the discrete hnes in the spectrum and is especially 
460 
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intense m their immediate neighbourhood As the undisplaced hnes are by 
far the strongest in the scattered light, the nebulosity which appears super¬ 
posed on them is of correspondingly great intensity, and as it is depolarised 
to the maximum extent (G/7), its presence notably influences the defect of 
polarisation of the total scattered light With the sht wide open, the image 
of an incident line as recorded on the photographic plate becomes broad 
enough to include within itself the whole region of sensible intensity in the 
continuous spectrum in its neighbourhood, and the observed depolarisation 
reaches a value practically the same as that obtamed without the use of 
monochromatic light or a spectroscope By reducing the slit-width progres¬ 
sively, the continuous spectrum is excluded from the recorded image of the 
incident line to a corresponding extent, until finally when the slit is narrow 
enough to give the full resolving power of the instrument, only those scattered 
radiations are recorded in the position of the line due to the incident radiation 
which are inseparable from the latter by the spectroscope used The depolar¬ 
isation as measured in this limiting case may clearly be regarded as a physical 
constant for the liquid studied, provided the spectroscope used is powerful 
enough to make the separation of the discrete incident hue from the continuous 
spectrum overlying it effectively complete 

Theoretical — Very early in the history of the subject, it was suggested 
by Raman and Krishiian (1928) that the continuous band which appears 
overlying the undisplaced lines in the spectrum of the scattered light 
owes its origin to the rotation of the molecules in the liqmd This view 
receives support from various considerations and especially from the fact 
that the band is most conspicuous with molecules which have a high degree 
of optical anisotropy, e g, benzene or carbon disulphide In view of the 
dense packing of the molecules in a liquid, the band could scarcely be 
expected to exhibit a discrete rotational structure or even the same general 
distribution of iiitensitv as in the corresponding phenomenon observed with 
gases This theory of the ongin of the contmuous band finds support in the 
observation by MeJ^ennan (1930) that liqmd hydrogen exhibits discrete 
rotational lines instead of a continuous band It is also substantiated by 
the investigations of Bhagavantam (1931), Trumpy (1933), Bhagavantam 
and Rao (1933) and of Weiler (1935), who have shown that in the rotational 
Raman spectrum of compressed gases, the discrete lines tend to be replaced 
by a continuous band with increasing pressures, and that the intensity- 
distribution in the same tends to approach that in a liquid The most 
essential consequence of the Raman-Knshnan theory is however that the 
undisplaced lines in the spectrum should exhibit a dqiolansation which is 
smaller than the depolarisation of the total scattenng If it be assumed 
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that the part of the scattering due to the anisotropy of the molecales is parti¬ 
tioned between the undisplaced Une (Q-branch) and the continuous band 
(P and R branches) in some known proportion, t ? , the proportion indicated 
by theory for the scattering by the same substance in the gaseous state, the 
depolarisation factor for the total scattering can be very simply calculated 
from the depolarisation factor for the undisplaced hne, or vtce-versa If we 
assume, on the other hand, that the molecules in a liquid instead of bemg 
more or less free to rotate, are held rigidly in fixed but arbitrary orientations 
(which is not an unreasonable suppoation for a highly viscuous liqmd or 
glass), the F and R branches of the scattering would disappear, and the entire 
scattered light would appear in the Q-branch The depolansation factor 
of the undisplaced line would then be considerably greater than on the 
assumption of freedom of rotation, and we have the further consequence 
that the depolarisation factor as determined spectrographically with a wide 
and a narrow slit respectively would not be sensibly different 

It will be clear from the foregomg review that studies of the state of 
polarisation of the scattered light by the Raman-Bhagavantam techmque 
have an important bearing on the problem of the structure of liquids It is 
the purpose of this paper critically to examine the earlier investigations 
in this field and to describe some observations and measurements showing 
that the “ depolarisation of unmodified scattenng ’* in a liqmd is a defimte 
physical constant depending on the chemical nature of the substance and its 
temperature 

2 Defimtton of ” Unmodified Scattenng " 

It will be understood that when we refer to the undisplaced hues in the 
spectrum of the scattered light, we are ignoring the changes of.frequency 
which are in the nature of Doppler displacements, these are so small that 
they would not be readily detectable with a prismatic spectroscope It is 
known that when the incident light is so highly monochromatic as to be 
represented by a single ^arp line in an interferometer pattern, the radiation 
after being transversely scattered in a liquid, e g , benzene, is modified by 
the thermal agitation into a band in which there are usually three recognis¬ 
able components In this triplet, the central component is in the undis¬ 
placed position of the incident radiation, while the two outer components 
are displaced by about 0 *2 wave-number on either side A prismatic spectro¬ 
graph having a resolving power of as mudi as 100000 in the 4000 A r^on 
of the spectrum would fail to resolve the triplet into its components and would 
thus present them together as a single line on the plate, at the same time, it 
would effectively exclude all the continuotts radiations in the scattered lig^t 
from the recorded image of this line, exc^t such of it as actually foils within 
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the regioti of the tnplet A spectrograph of this resolving power would 
therefore enable the depolarisation of the aggregate radiation comprised 
withm the triplet to be measured without sensible error We may define the 
depolarisation as measured under these conditions as the depolarisation of 
unmodified scattering ” by the liquid Instruments of a smaller resolving 
power, e g, 50000, would naturally allow part of the continuous spectrum 
lying outside the tnplet to be superposed upon the image of the latter The 
error m the measurement of depolarisation thus resulting would dqiend on 
the relative intensity of the radiations composii^ the tnplet and of the 
continuous spectrum outside it, and also on the actual value of the depolar¬ 
isation itself So long as the latter is not too small and provided the continu¬ 
ous spectrum is of sufficiently low intensity, the error involved in the use of 
an instrument of inadequate resolving power would not be serious The 
effect of opening the slit of a spectrograph beyond a certain permissible hmit 
is to reduce its resolvmg power It should therefore be possible by extra¬ 
polation to make at least a rough estimate of the error involved in using an 
instrument of inadequate power for the measurement of depolansation in 
any particular case by the method of variable slit-width 

3 Review of harlter Work 

The depolarisation of unmodified scattering was measured for a senes 
of liquids at the suggestion of «Sir C V Raman by S P Ranganadham 
(1932, 1933) In his first set of experiments, Ranganadham (1932) used a 
small instrument (a wave-length spectrometer by Hilget) with a resolving 
power of about 5000, and the results obtamed with its aid showed only a 
moderate difference between the wide and the narrow sht depolarisation 
values A little later, Ranganadham (1933) repeated the work, using an 
improved photometnc technique and with a larger instrument (a Puess glass 
spectrograph) with a resolving power about 25,000, he also used the finest 
possible slits for determimng the depolarisation of the unmodified scattering 
In this work, much greater differences were observed between the wide and 
narrow slit values for the depolarisation He found also that when the 
" narrow " slits used with the Fuess instrument were not set suffiaently fine, 
the values obtained with the instrument of less resolving power could be 
reproduced The importance of using an instrument of adequate power was 
very clearly reahsed and set out m Ranganadham’s M Sc thesis of 1933 which 
is deposited in the Madras Umversity l<ibrary, but has remained uupubhshed 
It appears therefore desirable to reproduce below the following data extracted 
from this thesis The figures shown in all the columns indicate the dqiolar- 
isation factor of the transversely scattered light, the incident light being 
unpolarised 
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Tabi^ I 


Depolansalton mth Narrow and Broad SMs 
(Determined by S P Ranganadham in 1933) 



LiquidK 

Hilger 

Spectrograph 
Kesolving po^or 

- rmo 

Fuchs 

Spectrograph 
Be!Johing power 
^ 25000 


Narrow 

Hilt 

Broad 

slit 

Narujw 

Hht 

Broad 

slit 

1 

Benzene 

0 34 

0 425 

0 20 

0 41 

2 

Carbon diBiilphule 

0 50 

0 65 

0 33 

0 64 

i 

Carbon tetrachloride 

0 06 

0 07 

0 012 

0^039 

4 

Toluene 



0 22 

0 49 

5 

Acetone 

0 18 

0 25 

0 09 

0 21 

6 

Diethyl ether 

0 055 

0 08 

• 

• 

T. 

Ethyl alcohol 



0 03 

0 055 

8 

N Propyl ulcoho] 

• 


0 03 

0 070 

9 

iHopropy] akoliol 



0 04 

0 068 

10 

Butyl alcohol 

0 08 

0 09 

0 06 

0 110 

11 

Isobutyl alcohol 

0 055 

0 076 

0 059 

0 125 

12 

Atnvl alcohol 

0 065 

0 080 

0 070 

0 12 

13 

Propyl acetate , 

0 160 

0 20 

. 

• * 

14 

Chloroform 

0 146 

0 21 

0 06 

0 19 

15 

Formic acid 

0 49 

0 62 

0 63 

0 56 

Itt 

Acetic acid 

0 385 

0 40 

0 395 

0 41 

17 

Butyric acid 



0 25 

0 36 

18 

Salol 

0 75 

0 76 


• 
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It will be noticed from the figures m the table that m the case of many 
common liquids such as benzene, toluene, acetone and carbon disulphide, 
the depolarisation of the unmodified scattering as determined with the Fuess 
spectrograph is strikingly less than that of total scattenng In the case of 
highly associated liquids such as the fatty aads, on the other hand, the diff¬ 
erence IS much less striking, and in the case of a very viscous liqmd such as 
salol, there is no noticeable difference between the two values 

The depolarisation values for four liquids (benzene, carbon disulphide, 
acetic acid and sulphur dioxide) determined with a senes of sht-widths 
ranging from 2600 /x to 26 n are recorded by Rousset m his doctorate 
thesis (Pans, 1935) The instrument used in this v^rk was a two-prism 
glass spectrograph having a dispersion of 20 A per millimeter in the region 
of 4368 A and a theoretical resolving power of about 50,000 The focal 
length of the collimator was 67 cm and that of the camera, 47 cm An 
extract from Table VIII of Rousset’s thesis giving his data for the four 
liquids IS reproduced below as Table II In P'lg 6 of his thesis, Rousset has 
given graphs of his depolansation data as a function of slit-width from which 
it would appear that the form of the curves for these four liquids is rather 
vaned The graphs for acetic acid and sulphur dioxide show points of 
inflexion as they approach the axis of zero slit-widths, while the curves for 
benzene and carbon disulphide go steeply downwards in such manner as to 
suggest that the depolarisation of the unmodified scattering is very small if 
not actually zero 

Table II 

Depolansalton with Varying Slit-Width 
Rousset (1935) 

Resolving Power of Spectrograph ~ 50000 


Liquid 



Sht Width in 




2500 

1000 j 

500 

200 

100 

50 

25 

Benzene 

0 44 

0 41 

1 

0 39 

0 33 

0 29 

0 20 

~ 0 13 

Carbon disulphide 

0 62 

0 60 

0 68 

0 63 

0 48 

0 41 

~ 0 33 

Acetic acid 

0 39 

0 39 

0 37 

0 36 

0 32 

0 30 

~ 0 29 

Sulphur dioxide 

029 

0.29 

0 28 

0 26 

0 21 

0 18 

~ 0 17 
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Kousset's graphs are however on a small scale arid the actual measured 
values ate not plotted therein The reader of the thesis is unable therefore 
to judge for himself to what extent the graphs are a representation of the 
actual observations and to what extent they represent conjectural extra¬ 
polations Accordingly, the present author has plotted out all the observa¬ 
tions of Rousset for the four liquids on a large scale, and the same is replaced 
as Fig 1 below in which for convenience of reproduction, the portihit of the 
graph for slit-widths greater than 1000 has been omitted RouSset remarks 
m his paper "l«es valeurs de p pour les fentes de 26 /i sont obtenues aprds une 
comparaison grossi^re des densites au microscope ”, and indicates m his 
Table VIII that they are not to be given the same weijf^t as the observations 



Fra 1 

RouMel’R values of depolarisation with varying slit-widths 


with wider slits It will be seen that all the measurements with acetic aad 
fall on a smooth curve which becomes a horizontal straight hne for large 
slit-widths, and bends round and cuts the vertical axis of the graph sharply 
at an angle The observed values for sulphur dioxide also fit tolerably weU 
into a smooth graph of the same general form All the observations for 
carbon disulphide fit perfectly into a curve of the same general form (thou^ 
naturally higher and steeper) except the doubtful observation for 26 ft. whidi 
falls a little out of the graph The observations for benzme, though most 
numerous, are curiously enough, the least regular. A graph of the 
general form as for the three other liquids, can, however, be drawn whkh 
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passes pretty evenly tibrough the observed points, except however the 
doubtful observation for 26 n which falls out of the graph The curve for 
benzene is less steep than for carbon disulphide but steqier than for the 
other two liquids 

A re-examination of Rousset’s own data thus makes it highly probable 
that the graphs for all the four liquids studied by him are of the same general 
form though of different height and steepness, meeting the vertical axis 
sharply at an angle and giving finite values for the depolarisation with the 
narrowest slits as shown below 

Benzene, po — ^ 16> carbon disulphide, pg == 0 30 
Acetic acid, p = 0 28, sulphur dioxide, p = 0 15 
If we exclude the observations with the 25 /* slit which according to Rousset 
himself are not entitled to the same weight as the values with wider slits, 
hts data clearly offer no basis for the suggestion that the depolansation of the 
unmodified scattering in benzene and carbon disulphide is very small or zero 
If his values for the 26 n slit had been 0 185 instead of 0 13 for benzene, 
and 0*36 instead of 0*33 for carbon disulphide, they would have fitted per¬ 
fectly into our present graph To assume that errors of the magnitude 
indicated were not possible in what was adnuttedly “ une comparison 
grossiire ’’ and to base upon them an extrapolation having no observational 
support does not seem to be a justifiable procedure A conclusion of such 
fundamental importance as that suggested by Rousset could only be 
accepted on the clearest experimental evidence, and that its truth is highly 
improbable is indicated by his own data As we shall see later, it is defimtely 
contradicted by the experimental evidence offered in the present paper 

4 Stmie General Observations 

The relative intensity with which monochromatic light and a contmuous 
spectrum superposed upon it are recorded by a spectrograph depends on the 
resolving power of the instrument and, m fact mcreases part passu with the 
" purity " of the spectrum given by the instrument With an instrument 
of low power, the continuous spectrum appears relatively brighter, and 
vrhen, as in the present case, its maximum intensity coincides with the mono¬ 
chromatic Ime itsdf, the line and contmuous spectrum tend to fuse into each 
other on the photographic plate and to convey the impression that the Une 
has suffered an " elatgissement ’* or widemng This effect would naturally 
be aggravated by the photographic broademng due to over-exposure of the 
intense image of the monochromatic rachation, and the net result would be to 
convey an incorrect impression the real nature of the phenomenon encounter¬ 
ed in the scattering of monochrmnatic light by hquids Aetualfy, du»e is no 

A15 w 
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"elargtssetnsnt" or mdentng of the inctdent radtahon, when a spectrograph 
of sufficient power is used, it is observed that the undtspiaced Une tn the scattered 
light has precisely the same degree of sharpness as tn the tnadent light This 
IS most evident with an instrument in which a large linear dispersion is 
combined with a great resolving power, as the effect of photographic broaden¬ 
ing IS then minimised If a photograph is taken (ff the spectrum of scattered 
light with such an instrument, and the negative is examined agamiA a strong 
light, it will be seen that the undisplaced Imes appear with undiminished 
sliarpness superposed on a continuous spectrum which has its maximum in¬ 
tensity at the line itself Fig 1 (Plate) represents the 4358 group of hnes of the 
mercury arc in the transverse scattenng by benzene, recorded with a three- 
meter-focus glass spectrograph constructed by Dr C S Venkateswaran with 
optical parts by Hilger In the reproduction of this picture which was taken 
as a test of the instrument by Dr Venkateswaran with an exposure of 48 
hours and without any special precautions for maintaimng constancy of 
temperature, the weaker lines which have not suffered from over-exposure 
appear defined with hair-like sharpness 

If the depolarisation of the undisplaced hue in the transverse scattenng 
by benzene were very small pr zero as suggested by Rousset, then the incident 
lines should completely disappear and be lost in the continuous background 
if the scattered light were analysed with a double-image pnsm and the 
horizontal component alone were recorded The eiqienment is readily tned 
and it IS found that the facts afford no support to Rousset’s conclusion 
Actually, the lines are seen in the vertical and horizontal components (Fig 2 
in the plate) with entirely comparable clearness and defimtion Though the 
hnes in the horizontal component are weaker, their mtensity is far from being 
neghgible, and in fact, is a very considerable fraction of the intensity in the 
vertical component The visibility of the lines in the horizontal component 
against the continuous background is not notably infenor to the visibihty of the 
hnes in the vertical component The greater relative intensity of the conti¬ 
nuous background in the horizontal components however affects the appear¬ 
ance of the lines as recorded on a photograph and seen under a microscope 
or in a microphotometer record The reason for this will be dear from Fig 2 (a), 
(ft) and (f) below, in («) we have the vertical component alone, m (ft) the 
horizontal component alone and in (c). the two together As the result of 
photographic spreading, the vertical component in (a) will, when reduced 
to the same intensity as the horizontal component in (ft) by a smtable device 
« g I by a nicol following the double-image pnsm, will appear sharper than the 
latter The magnitude of this effect will depend on the degree of d^tolar- 
isation of the undisplaced line and its mtensity relatively to the continuous 
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Fia 2 

Intexiflities of modified and unmodiflei radiations 


spectrum Microphototaetnc records of the undr^laced line in the horizontal 
and vertical components taken with a Hilger B 349 spectrograph and slit 
only 10/1 wide are reproduced in Big 3 and Big 4 in the plate Big 3 refers 
to phenol and it will be seen that the horizontal and vertical components 



Fiq. S 

DepoIariMtloa taeton in bonsene with different alit-wldthe. 

are of equal sharpness Big 4 refers to benzene, and the vertical component 
appears somewhat sharper than the horuontal one. for the reason already 
explained. 
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Fia. 4. 

V^anation of depolautiation (wido and nairow nlits) in plionul with temperature 


5 Method for Exact Measurements. 

To remove all possible doubt on the issues now under discussion, it is 
clearly necessary that the measurements of depolarisation should be made 
with a spectrograph of the largest possible resotving power and dispersion, 
and that observations should be secured coveting a range of slit-widths up to 
the very finest possible, thus enabling the whole course of the curve to be 
traced from actual observations and not by ntrapolation Both Ranga- 
nadham and Rousset used the methods of photographic photometry for 
making their determinations In Ranganadham’s first senes of measure¬ 
ments and in Rousset's work, Schwarzchild’s formula connecting the depth 
of blackemng and the time of exposure was used to determine the ratio of 
the intensity of the vertical and horisontal components In Ranganadham’s 
second senes of measurements, the comparison was based on the method of 
intensity marks When the images under comparison are extremely fine 
lines on the plate of width comparable with that the grains of the 
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a method of measurement independent the bws of photograpUc action 
and which merely uses the plate as a detector seems preferable 

In the present investigation, the spectrograph used was a large l^ittrow 
glass spectrograph by Hilger (B 349) of aperture F/7, the diameter of the 
camera objective being 127 mm The pnsm system of dense flint glass is 
eqmvalent to three 60° pnsms of 15 2 cms face and 11 7 cm high The 
dispersion is 11 A per mm in the 4358 region of the spectrum A mercury 
arc lamp was the source and the lens which condensed the hght from it was 
screened off by an aperture 3 cm square The lens itself was 8 cm in 
diameter and 24 cm distant from the tube The liquid under study was 
contained in a cylindrical glass tube with a fused-on flat end, and the 
scattered light was taken from an aperture 0 2 cm wide at the centre of 
the latter This light was condensed on the spcctrographic sht by a convex 
lens of diameter 3 6 cm (focal length 11 cm) which was 26 cm distant 
from the slit and 18 cm from the tube A double-image pnsm of quartz 
was mounted on the same stand as the lens and faced the sht of the spectro¬ 
graph The method adopted for measuneg p was different from that of 
previous workers A mcol was interposed in the path of the scattered beam 
after it had traversed the double-image pnsm and before it entered the slit 
of the spectrograph Successive exposures were given with the nicol turned 
round 1° at a time, until the relative intensity of the two images recorded 
showed a reversal, that is, till the weaker image became the stronger and 
wee versa If a be the onentation of the mc<fl, the depolansation factor is 
given by the usual formula p »tan*a The method, though tedious, has 
the ment of being entuely reliable and applicable to the finest sht-widths 

6 Results 

Htlger E 349 Glass Spectrograph, Resoiwng Power 75000 
A Vartaiton of Depolartsaiton with SM-vndth tn benzene 
Slit-width in1600 1000 760 500 300 200 100 

Depolansation factor . 0 44 0 41 0 39 O 38 0 37 0 32 0 27 

Slit-«idthin/i . 60 25 10 

Depolansaticn factor 


0 20 0 17 0 16 
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B Depolansation tenth wtde and narrow sltts tn different Itquids 
at room temperature, 20'" C. 


Liquid 

Wide Bht 

Narrow slit 
(10 m) 

Benzene 

0 44 

0 10 

Phenol 

0 70 

0 63 

Benzophenone 

0 75 

0 66 

Glycerine • 

0 88 

0 30 


C Variation of p with temperature in Phenol 


Temperature 

175*'C 

134'' r 

100* C 

84* C. 

66“ C 

45* C 

23* C 

Sht-width 1000 fi 

0 49 

0 55 

0 69 

0 64 

0 60 

0 66 

0 70 

81it-width 10 p. 

0 29 

0 32 

0 86 

0 40 

0 43 

0 46 

0 63 


7 Interpretation of the Results 

The expenmental results for benzene given above have been represented 
graphically in Fig 8 The ordinates are the observed depolarisation 
factors, and the abscissae are the half-width of the image of the slit as it 
appears on the photographic plate expressed in wave-numbers, in other 
words, the actual range of the continuous spectrum on either side which 
appears superposed on the central undisplaced hue The graph also shows 
the values calculated from the empincal formula 

P " (Benzene) 

where v is the half-width of the slit expressed m wave-numbers and K = 
0 10 For V s= 0, that is, for a very fine slit, p becomes 0 16, while tot 
large values of t>, p becomes 0>44 This empincal formula can be denved 
theoretically, if the distnbution of intensity in the contmuous spectrum is 
assumed to be proportional to e~**, in other words, that it has a fimte maximum 
intensity at the position of the undisplaced hne and falls off exponentially 
with increasing wave-number shift from it The asymmetry in the intensity 
of the continuous spectrum on the two sides of the undisplaced line whi^ 
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develops with increasing v is rather small compared with the rapid fall in the 
intensity of the conhnuous spectrum which occurs simultaneously , it is there¬ 
fore neglected in the derivation of the formula for the sake of simplicity, 
though it IS easily possible to take account of it as well The depolansation 
factor of the continuous spectrum is taken as 6/7, and these integers, it will 
be seen, appear respectively in the numerator and denominator of the formula 
The agreement between the observed values of p and those given by the 
empirical formula though fair, is not all that could be desired A formula 
of the general type 

;ir — 6 tf *•’ 

V — 7 c'*" 

has been tested out and is found to fit Kousset’s data (P'lg I above) tolerably 
well The constants found are 

Benzene x 77 y=I74 K=0 09 

Carbon disulphide *=-76 y=12 2 K—0 12 

Acetic acid *-=14 3 y=36 7 K=0 10 

Sulphur dioxide *=10 3 y=36 4 K=-0 13 

The observations recorded above for the viscous liquids benzophenone 
and glycerine show very clearly that the intensity of the continuous spectrum 
relatively to that of the undisplaced line is very small with these liqmds, and 
also that the depolarisation of unmodified scattering is correspondingly high 
in these cases These facts fit in very well with the theoretical considerations 
referred to in the introductory part of the paper The case of phenol is 
particularly interesting, as it evidently stands midway between the class of 
liquids including benzene and carbon disulphide in which the depolarisations 
of the total scattering and of the unmodified scattering differ widely, and the 
class of V 19 COUS liquids including benzophenone and glycerine in which they 
differ very little It might reasonably be anticipated that with nse of 
temperature, phenol would tend to behave more like the liqmds in the former 
class The relation between p and the temperature for the largest and the 
smallest slit widths respectively for phenol has been plotted in Fig 4, and it 
will be seen that this anticipation is at least partially fulfilled The expen- 
ment clearly uidicates that we may expect the depolarisation of unmodified 
scattering to be markedly a function of temperature in all hqmds, and that 
it would differ markedly from the depolarisation of total scattenng at higher 
t emp eratures, even with those liquids for which the difference is ordinarily 
small 
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8 Summary 

The investigations of Ranganadham and of Roosset have been critically 
examined, and it has been shown that, contrary to the latter's condosion, 
normal liquids such as benzene and carbon disulphide show a definite depolar* 
isation of the unmodified scattering which is notably smaller than the 
depolarisation of the total scattering Prom Rousset’s data for the four 
liquids studied by him, the following results have been derived 



Unmodified 

Total 

Itenzeno 

0 16 

0 44 

Carbon disulphide 

0 30 

0 02 

Acetic acid 

0 28 

0 39 

Sulphur dioxide 

0 15 

0 29 


The value for benzene deduced above is confirmed by a thorough re*mvesti> 
gation with a spectrograph of adequate power and an exact experimental 
technique Viscous liquids such as phenol, benzophenone and glycmne 
give relatively smaller differences between the depolarisations of unmodified 
scattering and of total scattering at room temperatures as shown below 



Unmodified 

Total 

Phenol 

0 63 

0 70 

Ilensophenone 

0 66 

0 76 

Olyoorine 

0 30 

0 33 


The depolarisation of unmodified scattering diminishes with rising 
temperature, and the investigation with phenol at temperatures ranging 
from 23° C to 176° C shows that it tends to differ more markedly from the 
depolarisation of total scattering at the higher temperatures than at the 
lower 

In conclusion, the author wiriies to express his grateful thanlm to Sir 
C V Raman at whose suggestion this investigation was undertaken for his 
sustamed interest in its progress 
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THE RAMAN EFFECT AND MULTIPLE 
SCATTERING OF LIGHT. 


Bv A Kastler 

{Professor of Physics at the Umrvrsity of Bordeaux France ) 

When a homogeneous and chemically defined substance is irradiated with 
monochromatic light, part of the energy of hght is subtracted from the 
incidental pencil and diffused by the molecules The most important part 
of the scattered hght is that possessing the same frequency as the madental 
radiation (Rayleigh line), but a definite fraction of the energy of hght which is 
scattered by the molecules, undergoes a change of frequency (Raman 
effect) In expressing by r the probability for a photon to change its Ire* 
quency durit^ the mechanism of scattermg, the probabihty that the scatter¬ 
ing occurs without any change of frequency will be (1 — r) Disregarding terms 

like ^ (*'o “ incidental frequency, Av= Raman frequency), the 

Vn JN 


ratio 


I -r 


can be identified by the number measunng the ratio of the sum of 


the intensities of the Raman hues and the intensity of the Rayleigh hue * 
This ratio amounts to 10-® for gases, 10”* to 10-^ for hquids and it 
may reach the value of i for crystals t The ratio r has a specific fixed 
value for a determined substance, taken under d^mte conditions of pres¬ 
sure and temperature 

The object of the present article is to study the distnbution of scattered 
photon:* in the field of frequencies, after several successive scatterings 


* P the number of photons rontnbuting to the Rayleigh lino and p the 

nutnViei of ]diotons of a Hainan line, the ratio t is defined by 

r Ep 

I — r F • 

Th-2 latio of cnei'gieB ift j == ^ -T' ^ Xt w slightly different 

t Foi the vibration line of hydrogen hts rotation sirurture included) we lia%e 
according to Mro\i ka 

3 « » {Aettachr / Phystks 193S. H 448) 


— r' Rayleigh intensity 
Foi liquids, the factor^ measured bv P Daure (seo Kohlrausch* Bmekal Raman 
I, p 104) IS includ<^*d between 0^010 (benacne) and 0,10 (XsDg) Finally, for crystals, 
the factor j may bf vorv great on account of the diminution of (luctuatlons Landsherg- 
Handelstamm havtj measured 3 ^ 9,28 (to 0 38) for the Raman line Av «• 405 of quarts 
(Kohlrausch, p 102) 
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In order to simplify the question and to rdease the essential results, we 
shall render the problem schematic by means of the fc^owing hypothesis 
It IS supposed that the substance has one single Raman Ime of which the 
frequency (N ~ «) is little different from the exating frequency N } What 
will be the distribution of the photons in the field of the frequenaes after 
m successive scatterings ? 

After the first scattering, there dill be 


Softttered Number of 


Kxciting frequency 


frequency 

pholonB 

^ Rayleigh oflcct 


N 

(1 -f) 

^ Raman effect 


N n 

r 

After the second scattering. 

there 

xvtll be 



Exciting 

Number of 


Scattered 

Number of 


frequency 

photona 

Effect 

frequency 

photons 

1'otal 

N 

(1 -r) 

Rayleigh 
i Raman 

N 

f N - « 
ifi - « 

(1 - r)» 

(1 - r) r 1 

(I ^ r)» 

2 n r) r 



( Rayleigh 

r(l -r) j 

N -n 

r 

(Raman 

1 N-2» 

f* 



After the first scattering, the proportion will be indeed (I — r) photons of 
frequency N (Rayleigh effect) against r photons of frequency (N - «) 
(Raman effect) 


If this light undergoes a second scattering on an identical medium, the 
photons of frequency N will give scattered photons of frequency N and 
(N — n), and the photons of frequency (N — n) will give by scattering 
photons of frequency (N — n) and (N — 2«) 

After two succsssive scatterings, the scattered light will consequently 
be distnbuted on three different frequenaes. N, N — « and N - 2«, the 
proportion of photons between these three frequencies being P© — (1 - r)*. 
Pi = 2(1 -r)r, P, = r* 


t In this cans wc can disregard m flrst approximalion the variation of the scatter* 
log pmrer with the fraqiienoy. Btnotly, it wonld be necessary to take into account the 

factor 
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After three successive scatterings, there mU he . 


Sxoiting i 

Number of 


Scattered 

Number of 


frequency ' 

photons 

Effect 

frequency 

photons 

Total 



f Rayleigh 

N 

(1 - f)» 


N 

(1 - >■)* 





Raman 

JN-n 

(1 - r)« r\ 

8(l-r)«f 



2(l-r)r J 

r Rayleigh 

In - n 

S(l-r)*ri 

N-n 1 

i 

t Raman 

|N-2» 

2(l-r)r« 1 

S(l-r)r» 



r Rayleigh 

1n-2» 

( 

N-2n 

f* 





j 

t Raman 

1 

CO 

1 




It IS unnecessary to make any comment on this table and to pursue 
this computation step by step 


The general ride is easily to be guessed Putting down (1 — r) = A and 
r =B, the relative numbers P, of photons of frequency (N — in) after m 
successive scatterings, are given by the successive terms of the devdopment 
of the binomial (A + B)** 

Thus 

Pp =» A"* — (1 — r)*" photons of frequency N 

Pi w mA**~> B *= m (I — r)*"* -f photons of frequency (N — n) 

P, =s A"*"* B* aa -.i y . (I _ photons of fre- 

quency (N — 2«) 

^ m (»» — 1) • (»» _* -^1) photons of frequency 

(N - in) 

p^ = B** =® f** photons of frequency (N —♦»»•«) 

We have always by defimtion P, s 1 

The result can be expressed as foUows — 

After having gone through w successive scatterings the scattered Ug^t 
IS distributed on m different frequencies going from N to (Nf — fttn) and form* 
ing an arithmetical progression When m mcreases, the proportion of 
unchanged photons decreases in^ geometrical progressicm and the prc^Kirtion 
of modified photons becomes more and more impmtant In the beginning 
Pi increases most rapidly but attains a maximum and decreases to give way 
to Pp, etc • • At the same time, the value of the successive maxima de* 
creases' the photons spread on a more and mote extensive “ spectre 
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We are going to speafy the pace of this phenomenon of *' frequency 
degradation ", in case r is very little before the umty In such a case it is 
possible to introduce the aigument x = tn^r and to assimilate it to a 
contmuous argument 

It is possible to wnte down 

P„ - (I - r)-»(l e-* 



Pi -x(l - f)** 

^ xe~* 


H 

ft 


\t.oc 



■0.1S \ 



. e,so 
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Fio. I 

The maximum of P) will occur for 

^ [1 -X] -tf-r x*. [*^ _ l] =0 

that means for x a i, namely m «t • ~ 

It has for ordinate ‘ 
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There are tables giving the numerical values of the functions P, ^ Fig 1 
represents graphically the functions of Po to Pg for * from 0 to 2 6 

rt will be seen that the intensity <rf the Rayleigh hne prevails up to 

* = 1 For * = 1, we have Pg = Pi = 1/e == 0*368 Between 

X = 1 and X = 2 the principal Raman hne of frequency (N — n) is most 
intense, then the maximum of relative intensity passes to the " secondary ” 
Raman lines of frequency N — 2», N — 3n, etc • The energy of light de¬ 
grades and at the same time it is spreading Fig 2 shows this spreading 



Hach curve corresponds to a specific value of x and shows how the number of 
photons brought m ordinate is distributed amongst the various frequenaes 
Po, Pi, etc 

When r is not negligible before the unity, the reasonmg becomes a httle 
more comphcated, but the general aspect remains the same 

Thus for quartz r is near to ^ Four successive scatterings will be suffi- 
aeiit to render the Raman hne just as important as the Rayleigh hne, and 
nearly 30% of the quaternary scattering will belong to the hnes of frequency 
(K — 2n) and upwards 

In order to observe this phenomenon of the “ stqiwise degradation ” 
of the photons, one could estabhsh a stepwise mounting in order to realize 


^ Poanmn, Tabh$ far 8UitiuA%e%«Ht and SiomalneianB, Part i, 8rd ed., p 118 
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the successive scattenng of the light, by means of condenser-lenses (Fig 3) 
In this way, it is possible to observe in its pure state the light at each stage 
of scattering primary, secondary, tertiary scattenng, etc 



t'lo i 


If it were only desired to observe the superposition of vanous effects, 
one could be satisfied by sending back the greater part of the scattered hght 
a great number of times, in the first scattenng medium This is taking place 
practically in the mounting of Wood, with a cylindncal reflector surround¬ 
ing the source and the scattering medium, and thereby " impnsomng ’* the 
light (Fig 4) It would be interesting to investigate whether this mounting 
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IS not particularly efficacious to render visible the lines of seccndaiy scatter¬ 
ing (of frequency N —2», etc) The measurements oi j which were effect¬ 
ed with this mounting are doubtless little trustwmthy and ate too hi^ in a 
systematic way 

Another method for observing the efi^ of multiide scattering consists 
in analysing the light of a source which has filtered timmgh a very thick 
scattering layer of an uninterrupted medium (a reflecting tube of several 
hundred yards length, containing a hqmd or a thick stratum iff glaoer) 
In such a case, there is reason to modify the preceding theory, because the 
different steps of scattering do not appear by discontinued bounds, but they 
get entangled in a contmuous manner according to an exponential law of 
absorption. For this reason it will be useful to take up i^in Milne’s theory 
of scattering,‘ incorporating the Raman effect m the same The degradation 
of the quanta of light by multiple molecular scattering plays doubtless 
a less important part in the phenomena on our scale, but it might intervene 
in the phenomena of scattermg on the astronomical scale, where the thickness 
of the scattermg medium may become great m comparison with the " average 
free path” of the photons The spectral composition of a radtation which is 
filtered through a thick layer of scattenng matter can be, in such case, entirely 
different from that of an inadental radiation, and it could be asked 
whether certain unknown radiations, which were observed in astrc^hysics, 
could not be explained as due to d^adaticm of frequency caused by 
a multiple scattenng 


• B. A. Vilne, Joum Lend. Math, Soc., 1020,1,1. 



STUDIEN ZUM RAMAN-EPFEKT. 

Mitteilung XCIV Tetrolsfture und Ester. 


Von O BALtAus 

(181, BfiUeUung aus dem phynkcdmihen TmMut der Teehntsehen Hoehmihule Oral) 

(Mlt 1 Figur im Text.) 

DiS im hiesigen Institut begonnene spektroskopische Untersuchung der 
Acetylen-carbooskureu wurde fortgesetzt Sabathy^ benchtete uber die 
Propiolsdure RC C CO OH und ihre Ester, die Raman-Spektren der 
n&c^ten homologen Saure, der Tetrolsfture H,CC CCOOH, und ihrer 
Ester Sind der Gegenstand der vorhcgenden Mitteilung 

7 D%e DarsieUung der Subslamen 

Die Tetrblsaure wurde uach der Vorschnft Kahlhautn’^ aus den Chlor- 
crotonsauren und deren Aethylestern, die ihrerseits alb gemisch aus Acetes- 
sigester und PG( gewonnen wurden, durdi Entzug von HG mittels KOH 
in stark verdunntem Alkohol dargestellt Zur Reinigung wurde die Sdure 
bei vermindertem Druck destiUiert und zwaxnal im Hodivakuum sublinuert 
(0,02 nun Druck, 80-‘90*’ Temperatur des Luftbades) Der Aethylester 
wurde nach der Vorschnft von Fetsfl dutch direkte Veresterung nut Alkohol 
und Schwefelsdure gewonnen, Reinigung durch zweimahge Fraktiomerung 
ba vernundertem Druck Nach derselben Methode wurde der in der 
lateratur anscheineud noch uicht beschncbene Methylester dargestellt 
Fttr die 8 Substanzen gdten die folgenden Kimstanten 



aivie HethyleBler 

Aethylefttor 

Lltmtw 

Kpi* 100°, Fp W* 

Kpru 103-104* 

lohfukd 

Kpu <rr , Fp 76® Kpu 54,9-55.1, Kp^go 148-148,5" 

Kprso ieO-l0P 

Von den von Sabaffiy ang^Ohrten unangenehmen Reitzwlrkttngen der 
Proptals&ure aof Haut und Augen ist bei der Tetrolsdure fast nidits zu 
bemerken 

1 B« Sabathy, ZUohr phusikal. Cfuim , im Druck 

* Q, W. A. Kahlbaum, Dtaeh ckem Oes , 1879, 18^ 283^ 

* F, Feint, LiMg's Annul d Chmte, 1006, 846, 105 
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2 D%e Ratnan-Spektren 

Auch die bei det Propiolsiure und ihren tuedeten Estem bemerkte 
Lichtempfindlichkeit (rasche verfkrbung bci Behchtung ohne Filter) versch- 
wmdet in der Tetrolsaure und ihren Estem 

Die Tetrdsnure wurde sowohl als Krystallpolver wie in wassnger Eosung 
spektroskopiert Krystallpulver Fj 355, t = 27 , 366, t=96, Fi 370, 

t =s 103 Stunden, F* 97, t = , m der Festkorper-Apparatur Fj kommen 

die Hg-Einien g, f, e, in Fj die Lmien Hgk und Hgi als erregend zur Wirkung 
Die wassnge Eosung (ebenso wic die dussigen Ester) wurde in der *' Normal- 
Apparatur ” aufgenommen , Pi 2730, m F , Spalt 0,06, t — 8, PI 2731, 
m F , Spalt 0 04, t = 9 , PI 2732, m F C (Abhltemng des Eichtes nut A< 
4047), Spalt 0,03, t 5, Untergrund mittelstark, Spektrum gleidifalls 
Ergebms 


kpyst 


nicht erfoaater Be 

taioh--- 

.*.406 (l)(k.e), 

604(l)(k,F), 608(0 )(f), 

Lteung 

32fi<3 b)(:te). 

30S(4b)(±e), 423 (00) (e). 

408 (4) (F), 

68S (4 b) (e), 700 (0) (e) 

kryit 

(!)(.), 

786(2)(k.c). 

1026 (1 b) (e) 

1079 (3) (k.F), 

1284 (4) (k, ft), 1373 (6) (k,») 

UMuiitr 

7M (*)(«), 

780(*)(e). 

1030 (0) (e), 

1072(4) (k.«). 

1278 0 (e), l37'J(3b)(k.F| 

krjit 

1429(0) (a). 

1640 (6 b) (f) . 


2l46(l)(k.F). 

2247(8b)(k.l,f.e), 

t,5iQug 

1427 (00) (a), 

• 

1682 (2 b) (F), 


2342(8b)(k,i,e), 

kryvt 

2311 (0) (k). 

2804 (0) (F). 

2024(6h)(k,i.c,', 

2074 (4) (k) 


Lflaviig 

2300 (0) (k). 


2e26(7b)(k,o), 

2084(l)(k,e) 



Tgtrolsiure-meUiylester 

PI 2716, mF, 

Sp 0,06, t 

-24, PI 2716, 


mP, Sp 0,06, t ■■ 8, PI 2721, mPC, Sp 0,04, t *9 Untergrund 
mittd, Spektrum stark, Zahl der Streulimen n 63 Ergebms 


A v - 296 (1) (e), 840 (8) (k, e, c) . 874 (8b) ( ± e,c) , 475 (3) (k, i, e, c) , 
660 (8) (k. e, c), 768 (8) (k, e, c), 816 (6) (k, i, e, c), 944 (8b) (k, i, g, f. e) , 
1026 (1) (k, e), 1194 (1) (k, e), 1264 (5b) (k, e), 1877 (6b) (k, e), 1447 (4b) 
(k. e.); 1710 -t 13 (8b) (f. e), 2248 (lOb) (k, i, g, f, e), 2870 (2b) (k, e), 
2926 (8b) (q, k, i, e) , 2958 (4b) (q, p, k, e) 


Tetrolsaure-aethyle^ter PI 2703, m F, Sp 0,06, t =■ 14, PI 2704, 
m F C , Sp 0,06 , t -= 9 , PI 2705, m !•' C , Sp 0,04, t ^ 9 . Untergmnd 
mittel, Spektrum stark , n >= 42 Ergebms 


Av 


214 (i?) (e), 269 (i?) (e). 


322 (3) (e). 


370 (4) (±e, c): 572 
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(2b) (k, e), 1260 {3b) (k. e), 1302 (0) (k. e). 1380 (4b) (k, e), 1450 (3b) 
(k,e). 1706 ± 13 (7b) (f, e) , 2166 (0>) (k), 2239 (8b) (k, i. e), 2927 (8) 
(k, 1 . e). 2974 (5b) (q, p, k, e) 

J Dtskusston der Ergebntsse 

(a) Zuerst seien die C O- und C C-Frequenzen der Propiol—und 
Tetrol-Sauren und Ester zusammengestellt 




w{C 0 ) 

0} (C C) 

f H C 

C CO OH (fl) 

!«■«) (3sb) 1715 (3b) 

2122 (10b) 

S&uren < 

IH 3 C r 

V CO OH {krvbt ) 

1G40 (6 b) 

2247(8b) 


Hr c.ro ocHg ni4(«b) 2125 (i2b) 


MetbyJoatcr < 

'' ' ..a 

.... 


iHaC C 

r ('0 ocHj 

nm (8b) 

2241 (10b) 

C HC 

0 CO o(\a^ 

1708 (4b) 

2110(12) 

Aelhylebtflr < 




iH^C C 

C CO 

1705 (7h) 

2210 (8b) 


Wahrend m der filissigen Proptols&ure, nacb dem Auftreten meter 
CO-Frequenzen zu schliessen, anscheinend sowohl dimere [nut a* (CO) ss 
1650J als monomere Molekule [nut a* (CO) — ]7I5| vorhanden smd, findet 
man in der krystallistieren Tetrolsaure nur die, ublichcr Weise den assozu- 
erten Molektilen zugeschnebene erniedngte Frequenz <0 (CO) = 1640 deren 
Wert m Losung auf 1692 ansteigt Die CO-Prequenz m den Estem beider 
Sduren 1 st durch die Konjugation der Carboxalkylgruppe mit der C * C- 
dreifach Bindung vom Nornialwert 1735 auf ~ 1710 ermerdrigt 

Die Erklarung des im ersten Augeubhde uberraschenden Frequenz- 
Sprunges von 2121 nach 2243, der sich fbr die C C-Frequenz beim Ueber- 
gang von H C C CO OR nach R' C C CO OR einstellt, wurde schon 
von Sahathy gegeben Im Falle des leichten Substituenten H gehort die 
sogennannte "C C Frequenz" zu eiuer andern Schwingungsform des 
MolekOles, als fur den schweren Substituenten R' Eine Anzahl khnheber 
Pklle behandelt Burhard in seiner Mitteilung “ Durchredmung einiger 
ausgewtlhlter Molektilmodelle " 

(6) In Figur 1 smd die Ramaii-Spektren der beiden homologen Substanz* 
Reihen zeichnensch zusammengestellt Die Bedeutung der in den Pre> 
quenzgebieteu urn 2900, 2200, 1700 liegenden Limen, die zu CH-, C C-, 
C 0-Valenzschwingungen gehoren, steht naturhch aubser Zwcifel Daruber 
kann man noch mit eimger Sicberheit die im Frequcnzgebiet der CH-Defor- 
mations-Schwingungen auftretende starke Ernie bei 1377 (ebenso vne m den 
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Fro 1 

!>i« Ramaiuipektrea d«r Propiol*ufid Tettol-Sikure und ihrer Keter Die Bpekiren 
Att emteren Bind noch bu ergftngen durch die in dor Zoichnung nioht eingetrogenen 
CH-Valens-Frequenseii der Metbm-Uruppo bei 3280 

tnethylierten Benzolen) der an der Dreifachbindung sitzenden CH^-Gruppe 
Eftordnen Das Verstkndnis der Kinzelheiten des dbxigen Spektrums 
bereitet uoch Schwiengkeiten, die vielleicht dutch die Bearbextung eiiuget 
weiterer homologer S^iuren vernngert werden konnen 



















DIRECTIONAL VARIATIONS IN THE ABSORPTION 
AND THE FLUORESCENCE OP THE CHRYSENE 

MOLECULE. 

By K S Erishnan and P E Ssshak 

1 Single Crystals as Suitable Media for Studying ihe ThrectioruA 
Variations in Some of the Proparties of Aromatic Molecules 

CoMPUECTE X-ray analyses of the structures of several organic compofunds, 
particularly of the aromatic class, have been made recently by Robertson 
(1933-38) and others Since the molecules of these compounds retain then 
individuahty m the crystal state, and their orientations in the crystals ate 
known from the X-ray studies, the crystals are very smtable for the study 
the directional variations of some of the properties of the molecules 

The directional variations in the magnetic and the optical polansabilities 
of many of the aromatic molecules have been studied m this manner Con¬ 
versely, when the principal polansabilities of the molecules are already known, 
the magnetic or the optical studies on the crystals can be utihzed to obtam 
information regarding the onentations of the molecules m the crystals 
(Eri^nan, 1929 , Bhagavantam, 1929, Endinan and Banerjee, 1933,1936, 
Bernal and Crowfoot, 1935 , Banerjee, 1938) 

The absorption spectra of some of these crystals have been studied under 
polarised light (Eri^nan and Seshan, 1934, Obreimov and Pnkhotjko, 1936), 
and it is found that for plane aromatic molecules much of the absorption is con¬ 
fined to light vibratmg along directions in the plane of the benzene rings, 
vibrations along the normal to the plane being much less absorbed Hence 
a study of the " pleochroism ” of aromatic ciystals can also be utilized for 
determining the molecular onentations in the crystals Studying in tins 
manner the pdanaation of the absorption by sin^^ crystals of anthracene 
and chrysene, containing traces of naphthacaie (2, 3-benzanthracene) as 
impurity, crystals of diphenyl containing fluorene as impurity, etc, one 
finds that the impurity molecules are oriented with thm planes nearly parallel 
to those of the host molecules which accommodate them (Entiinan and 
Seshan, 1934) 

The concentrations of the impurities can be controlled, and these crystals 
form therefore very convenient media for studymg the fluorescence of the 
impurity molecules, and in particular the duectional variations in their 
^ttotescence, since the orientations of the impurity molecules iq the crystals 
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are known approximately and we can excite the fluorescence by light vibrat¬ 
ing along known directions with reference to the molecule, and can analyse 
tlie fluorescent radiations emitted along different directions for their polar¬ 
isation Some preliminary experiments on the fluorescence of naphthacene 
molecules, included as impurity in anthracene and chrysene crystals, showed 
tliat the excitation of fluoroscciKc is due mostly to light-vibrations in the 
plane of the iiaphtliacene molecule, vibrations along the normal to the plane 
exciting very little fluorescence Similar results were also obtained from 
studies on the fluorescence of single crystals of 1, 2, 5, 6-dibenzanthracene, 
which could be obtained in very tliiii flakes 

In the present paper we report quantitative studies on the fluorescence 
and light-absorption of single crystals of pure chrysene This substance 
was chosen because its crystal structure is known m detail from X-ray studies, 
and pure synthetic chrysene free from naphthacene and other fluorescent 
impurities could be easily obtained 

2 The Onentations of the Molecules tn Chrysene Crystal 

A quantitative X-ray analysis of the structure of this crystal has been 
made by Iball (Wi) The crystal is monoclimc in the space group 
CJa (I 2/t) or Cj (I c) Its unit cell has the dimensions 

« « 8 34, 6 18, c ^25.0 All , p ^ 116° 8 

and it contains 4 molecules of C,, 

The molecule lias a plane structure and it consists of four regular 
hexagons arranged as shown in Fig 1 l,et OA and OB be two directions 
m the plane of the molecule located as marked in the diagram 


♦B 



Two of the molecules in the unit cell of the crystal are oriented in the same 
way, and their OA directions make with the a and the b crystallographic 
axes angles of 102° 0 and 90° 5 respectively, while their OB directions mak^ 
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with th« same axes angles of 118° 4 and 29° >0 respectively The ckrienta- 
tions of the other two molecules in the unit cell are obtamed from the above 
orientations by reflection from the (010) plane 

The crystal as usually prepared is m the form of a flake paralld to the 
c(OOl) plane Prom the above angles defining the molecular orientations it 
IS easily seen (1) that the molecular planes are nearly perpendicular to the 
plane of the flake, actually making with it an angle of 79°, (2) that their 
intersections with the plane of the flake make angles of ± 29|° with the 
i*axis, and (3) that these intersections are very dose to the OB axes of the 
molecules 

The orientations of the molecules in the crystal can also be deduced 
from measurements on its magnetic amsotropy, and are found to be practi* 
cally the same as those obtained above from the X-ray analysis I^et 8 be 
the angle whidi the molecular planes make with (001), and -f- 4 and — p 
the angles which the intersections of the molecular planes with (001) make 
with ' b ’ Let xi and Xt be the maximum and the minimum susc^tibihties of 
the crystal in the (010) plane, and ff the angle which Xt axis makes with a 
Also let Xn be the susceptibility of the molecule along the normal to its plane 
and K i that for directions in the plane (The susceptibihty will be practically 
the same along different directions in the molecular plane) Then we can 
easily show that __ 

cos ^ » cot 9 cot 8 

Using these expressions, and the experimental values (Knshnan and Banerjee, 
19S6) 

8 - 13° 1 

and Xx - Xi « 170 x 10-* 

Ki - K„ «=218 X 10-« 
per gram molecule, we obtain 

8 * 78i° and 0 - 28J°, 

as compared with the X-ray values 79° and 29|° re^iectivdy 

Since the molecular planes are nearly perpendicular to the plane of the 
ciystd flake, and the OB axis of the mdecule lies nearly m the plane, the 
directional variations in the absorption and the fluorescence of the molecule 
as we pass from the normal to the mdecular plane to the OB axis in the 
plane can be easily followed 
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3 Measurements on FUtorescenee, 

We shall first take up the study of the fluorescenoe Chrysene has three 
diffuse fluorescence bands in the visible region, with their n uu ri m a at 4490, 
4380 and 4200 A U respectively Using a quartz mercury lamp as the source 
of hght, and suitable hght-filters for iscffating some of the mercury lines, 
we found that the above fluorescence bands are excited stron^y by the 36B0 
group of lines, and hardly, if at all, by the 4047 and the 4358 groups 

A thill flake of the crystal of about 1/20 mm thickness was used m our 
measurements As wc mentioned before, the plane of the flake is the (001) 
plane, and the two extinction lines in the plane will naturally be the a and 
the b axes The genera] plan of the experiments was to excite the fluorescence 
by the radiations of the 3660 group incident normally on the crystal flake, 
either unpolarised, or pdarised with the dectnc vectm along the a or the 
b axis, and to study the fluorescence in the forward direction for its polar¬ 
ization and intensity A sketch of the experimental arrai^ement used is 
given in Fig 2 The light from a mercury lamp M is focussed, with the 
help of a lens Li on a square aperture A having its sides vertical and horizontal 
respectively Between bi and A are inserted a mcdi Nt to polarise the 
light suitably, and a Corning glass-filter F to isolate the 3650 group of radia 
turns C is the crystal flake mounted just behind the aperture and covenng 
it completely, with its plane perpendicular to the path of the hght, and its 
a ox b axis vertical The fluorescence m the forward direction, after passmg 

F A 

M Li n ° 

10 0 

through a double-image prism I), so oriented as to separate the images verti¬ 
cally, a nicol N,, and a lens I,j, forms two images of the aperture A on the 
slit S of the spectrograph, one of them just above the other The polar¬ 
ization of the fluorescence is determined by suitably rotating the nicol Nt 
so as to make the intensities of the two images of the fluorescence band* 
appearing in the spectrograms equal. 
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We flibaJl mention here one simple result n4iidi enaUes us to dispense 
with the spectrograph, this is an advantage in view of the feeble intensity 
of the fluorescence For any given excitation, off the three fluorescence bands 
are found to be polarised to nearly the same extent Indeed as far as can be 
judged from the spectrograms every small region inside the bands also ap< 
pears to have nearly the same polarization (except m the extreme vudet, 
beyond about 4100 A U, where the two pnndpal absorption coeffiaents m 
the plane of the crystal flake, which are unequal, bq^ to increase rapidly) 
This will be clear from Fig 3, Plate XVI, whidi was taken with the pnnapal 
plane of the analyser at 36° to the direction of the a axis of the crystal 

It would therefore be sufficient to compare the total mtensities of the 
two polarised images of the fluorescent lif^t formed at S, without analysing 
them spectroscopically, the photographic plate may be placed at S, and 
the images photographed directly For this purpose, however, it would be 
necessary to cut ofi any of the incident radiations that may be transmitted 
by both the Cormng glass-filter and the crystal The filter transmits, in 
addition to the 3660 group d lines, s(»ne of the long wave-length hues 
also Though the 1/20 mm thick crystal used in the expenment completely cuts 
off the 3660 group and the hnes in its neighbourhood, some of the long wave¬ 
length lines transmitted by the filter are transmitted feebly by the crystal 
also. These were ehminated in our measurements by placing in the path 
of the fluorescent light a glass cell containing a dilute solution of sodium 
mtnte The sodium nitnte filter served also to weaken considerably the tail 
of the fluorescence spectrum in the extreme violet, where, as we mentioned, 
owing to the rapid variations in the two pnnapal absorption coeffiaents m 
the plane of the crystal, the apparent intensities of the two images are 
somewhat unequal 

4 Results 

Measurements were made on the degree of polarization of the fluoresence 
in the forward direction, with the inadent U^t-vibrations along with the 
a*axis of the crystal, and again with the vibrations along b For both die 
excitahons the a vibrations in the fluorescence were found to be less mtense 
than the b vibrations, and the ratio qf the intensities of the two vibrations 
was also the same for both, namely 0*49 

Now since the polarization of the forward fluoresence is the same 
whether the incident light-vibrations are along a or along b, we should 
naturally expect the same polarization with inadent unpolarized light also 
Removing the nicd Ni in the experimental arrangement we measured agam 
the polarization of flumresenoe in the forward direction The ratio of the 
jqteqsities of the 0 and the b vihrations waq the same as before, namely 0 49, 
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The value of 0 49 obtained in all the three measurements above for 
the ratio p of the intensities of the a to the ft vibrations in the forward 
fluorescence requires correction on two accounts (1) The b vibrations in the 
fluorescence are absorbed more strongly by the crystal than the a vibrations 
From a measurement of the absorption coefficients in the fluorescence 
region it was estimated that the b vibrations are weakened m relation 
to the a vibrations on this account in the ratio 0 85 1 Smee the 

ratio changes slightly with wave-length, this estimate of its effective value 
should be regarded as only approximate (2) The b vibrations Of the fluor¬ 
escent light lose by reflection at the back surface of the crystal about 4% 
more than the a vibrations Making these two corrections we obtain for 
the true ratio of the intensities of the a to the b vibrations in the fluorescence 
the value p => 0 40 

5 The Significance of the Results 

The result that the ratio p is independent of whether the incident light- 
vibrations are along the a axis or along b is very significant It idiows 
that in the (001) plane, to which we shall confine our attention at present, there 
are two unique directions, one on either side of the h axis, and making equal 
angles with it, such that it is only the resolved components of the incident 
electric vector along one or the other of these two directions, as the case 
may be, which can exate fluorescence m any given molecule The electric 
vector of the fluorescent radiations from the molecule will also naturally be 
along the same direction The ratio of the mtensities of the a to the b 
vibrations in the fluorescence of the crystal as a whole, namely p, will then 
be determined only by the inclinations of the above directions to the a and 
the b axes If -1-4^ and ~ 0 are the angles which these directions make 
with b, evidently 

P *stan*0, 

and one can readily understand why the ratio p should be independent of the 
direction of the incident electric vector in the (001) plane, and also why, over 
the whole region of fluorescence, p should have the same value The absolute 
intensities of the a or the b vibrations, unlike their ratio p, will <rf course 
depend on the direction of the incident electric vector, and we shall postpone 
the consideration of their separate intensities to a later section, confining 
ourselves here to their ratio p 

The experimental value of p namely 0 40, corresponds to 
0 = tan'* Vo"* 40 = 32® , 

* e , the two unique directions mentioned above should he on either side of 
the i-axis, making with it angles of 32® 
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Now these two directions nearly coinade with the intersections th the 
molecular planes with the plane of the crystal flake (001), smce the inter- 
sections make angles of 29^° with h on either side In other words, 0 is 
nearly the same as 4 We can conclude therefrom that among the vanous 
directions lying on the (001) plane, along which the electnc vector may be 
incident, the excitation of fluorescence iii any given molecule is a maximum 
when the electric vector is in the plane of the molecule, and it is practicall 3 ' 
nothing when it is along the projection of the normal to the molecular plane 
on (001) Considering the latter direction, along which the excitation of 
fluorescence is practically nothing, since there is no direction m the mole¬ 
cular plane which is closer to it than 79”, and since the normal to the mole¬ 
cular plane makes with it an angle of 11” only, we are forced to conclude 
that when the incident electric vector is along the normal to the plane of 
the molecule, there is hardly any fluorescence exated 

Our present experiments, beyond demonstrating that when the electric 
vector IS incident along the OB direction in the plane of the molecule there 
IS a strong excitation of fluorescence, do not enable us to draw any conduaions 
as to how the efficiency of excitation will vary with the change of direction 
of the electnc vector in the plane of the molecule 

a The Polanzatton of Fluorescence tn State of Solution cannot give 
Information regarding the Anisotropy of Fluorescence of the Molecule 

We should mention here that measurements on flourescence in the hquid 
state or in state of solution in suitable solvents, even when the medium 
IS made so highly viscous that molecular rotations are completely stopped, 
cannot give us any information regarding the anisotropy of flourescence of 
the molecules Suppose a parallel beam of plane polarised hght with its 
electric vector along the s-axis traverses the solution in the x-direction, and 
that observations are made on the polarization of the fluorescence either in 
the forward direction (x), or in the transverse direction (y) Lei us denote by 
r the ratio of the intensity of the weak component to that of the strong in 
the partially polarised fluorescent light Let us suppose there is a umque 
direction in the molecule such that when the electric vector is incident along 
this direction there is maximum excitation of fluorescence, and that the 
fluorescent radiations so exated also vibrate along the same direction, and 
further that when the incident electnc vector is along any direction perpendi¬ 
cular to the above unique direction in the molecule, there is no exatation oi 
fluorescence at all In other words, we assume that the fluorescence of the 
molecule would be that of a single linear oscillator fixed to the molecule 
Assuming that the molecules in the medium have fixed random onentations, 
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the ratio r, as Femn (1931) has lAown. would bethecnetkallyequalto 1/8, 
corresponding to a 60 per cent polarization of the flouresoenit 

If instead of the fluorescence being due to a single lineai^lldllator, it is 
regarded as due to more than one oscillator, along diSorent directions fixed 
to the molecule, then because of the incoherence between the inadent and 
the fluorescent radiations and the consequent incdherence in phase between 
the different oscillators in the same molecule, they will behave as though 
they were all independent of one another, and the resulting polarizations tA 
fluorescence of the medium along the forward or the transverse direction 
would still only be 50 per cent, t« , f would still be only 1 /S 

If the medium is not sufficiently viscous and the molecules ate free to 
rotate, then owing to the fimte duration of the molecule in the excited state, 
the observed value of r would naturally be greater than 1/3, we are not 
concerned with this aspect of the problem, which has been discussed in great 
detail by Perrin What we wish to emphasise here is the result, which 
is not generally realised, that the polanzation of the fluorescence of the solu¬ 
tion, in which the molecules are oriented at random, is independent the 
anisotropy of fluorescence of the molecule and cannot therefore give any 
information about the latter, and only measurements on a medium m which 
the molecules are regularly oriented, as m a crystal, can give such information 
In this respect there is an essential difference between the phenomena <rf 
scattering and fluorescence 

In this connection it is very significant that in all hig^y viscous sdu- 
tions, whatever the fluorescing mcdecule may be, the ratio r does expen- 
mentally tend to approach a value close to 1/3, t e , the limitin g value of the 
polarization for infinite viscosity is dose to 50 per cent. (Pemn, 1931, 
Mitra, 1933, 1934) 

7 The Intens%t%es of Fluorescence Excited SeparaUdy by the a and the b 

VtbraHons ( otnpared 

Coming back to the observations on the chrysene crystal, if the eaqflatia- 
tion given in a previous section for the observed value of />, namdy p =» 
tan* 0 = tan* is correct, then we should eiqiect that for a v»y thin 
crystal, so thin that the absorption of the 3650 radiations which excite the 
fluorescence is negligible, the total intensity of forward fluorescence excited 
parallel to the a axis should be less than that excited by vibrations of the 
same intensity inadent along the b axis, in the ratio tan* 0 1 

It was not practicable, however, to verify this result directly, since even 
the thinnest crystal absorbs both the a and the b vibrations of 3660 very 
strongly, and to very different extents In any actual crystal, owing to tl|q 



495 


Ahsorptum and Fluorescence of the Chrysene Molecule 

much stronger absorption of the b vibrations of the exciting h^t than of the 
a vibrations, the observed ratio R of the intensities of fluorescence excited 
sq)arately by the two vibrations will naturally be greater than the theoretical 
value of tan* 0 predicted for an ideally thin film Actually with our 1/20 mm 
thick crystal, which absorbed both the a and the h vibrations of the incident 
3650 radiations completely, the fluorescence excited by the a vibrations was 
found to be just stronger than that excited by the b vibrations, * « , for 
such a thick crystal, R is practically umty 

We can deduce from this observation one important result Since 
both the a and the b vibrations of the exciting light are completdy absorbed, 
and the b vibrations much more strongly than a, the penetration, or the 
effective thickness of the crystal produang the observed fluorescence, should 
be much greater when the incident vibrations are along a than when they 
are along b To be more precise, the effective thickness for the two vibra¬ 
tions should be in the inverse ratio of the corresponding absorption coeffi¬ 
cients Since the observed ratio R is unity, instead of being equal to tan* 0, 
as it would have been had the effective thicknesses been the same for both the 
vibrations, we should infer that the effective thickness for the a vibration is 
greater than that for b in the ratio 1 tan* 0, and smce the effective thicknesses 
are inversely proportional to the absorption coeffiaents, that the absorption 
coeffiaent of the ciystal for the 3660 region for the a vibrations should bear 
to the coefficient for the b vibrations the ratio tan*0 1 

Now since 0 is nearly equal to p, the angle which the intersections of 
the molecular planes with (001) make with b, the obvious interpretation 
Kji the above result is this We found that h^^t-vibrations mcident along 
the normal to the plane of the molecule do not excite its fluorescence and 
it 18 only vibrations in the plane that do We are now forced to the 
conclusion that the molecular absorption also is practically nothing when the 
inadent light-vibrations are along the n<mnal to the plane of the molecule, 
and it is only vibrations in the plane that are absorbed by the molecule 
The dose correspondence between the absorption qiectra of the crystal 
for the a and the b vibrations is then easily understandable, smce on the view 
presented here the effect of changing over from the a to the 6 vibratiims, on 
the absorption, will be roughly equivalent to increasing the thidcness iff 
the crystal from tan* 4 to 1 

8 Direct Compattson of the Absorptum CoeffictenU for Ike u emi b 

VihteMora 

Because of the very strong absorption of the 3660 group for both the 
vibrations, it was not possible to measure the absorption coefficients directly 
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and verify whether they bear the ratio tan*0 1 We have, however, made 
such measurements in the region of the first absorption band, which has a 
maximum, not very strong, at about 3970 A U (see Fig 4, Pldte XVI) 

The light from an iron arc was rendered nearly parallel, and after 
passing through a large-sized nicol, was incident axially on the sht of a 
spectrograph In front of the sht and close to it was mounted a screen with 
two small square apertures, one just below the other One of them was 
covered completely by the crystal plate, with its a or 6 axis vertical A 
rotating sector mounted just m front of the open aperture served to reduce 
the intensity of the light falling on it by a lonstant known amount, in the 
ratio 2 5 1(K) in our experiments A further reduction in intensity which 
was necessary in order to equalize it in the 3970 region with the light trans¬ 
mitted through the crystal, was secured by shutting out the light through 
the open aperture after a certain fixed interval of time, while the exiiosure 
through the crystal was continued for a longer time, which was increased 
progressively m the different exposures A few tyincal photographs near 
about the point of matching for the 3969 hue of iron, which is the region of 
maximum of the first absorption band, is reproduced in Figs 5 and 6 
(Plate XVI) In Fig 5 the incident light vibrations were along the a axis^ 
and in Fig 6 along b 

The thickness of the cr> stal was measured by an optical method The crystal 
flake was placed between two crossed mcols with its a and b axes at nearly 
46*^ to the principal planes of the mcols, white light was allowed to traverse 
the system, and after transmission was analysed by a spectrograph The 
refractive indices of the crystal for the a and the b vibrations, according to 
some unpublished measurements by Mr Sundararajan m this laboratory, are 
1 615 and 1 787 respectively for the 5461 hne, and 1 648 and 1 849 respectively 
for the 4358 hue The birefringence of the crystal plate is thus known for 
the two wave-lengths, and by counting the number of fringes which appear 
between these two lines in the above spectrogram—^the number was actually 
8 1—^the thickness of the plate was calculated and was found to be 0 ‘OOSS cm 

Coming back to the absorption measurements, we shall give here only 
the final results For the 3969 line, winch, as we mentioned, is the region 
of maximum absorption in the first baud, the ratio of the intensity of the 
transmitted light to that of the incident light (after correcting for the loss by 
reflections at the two surfaces) was 0 18 for the a vibrations, and 0 0037 
for the b vibrations Hquating these ratios to and c respectively, 
where / is the thickness of the crystal (0 0055 cm), and ka and are the 
absorption coefficients for the 3969 hne for the a and the b vibrations respec- 
tivdy, we obtain 
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ka =* 310 

ki = 1020 

approximately The ratio kjki »310/1020 = tan* 29“ The last angle 
IS practically the X-ray angle ^ which gives the mchnation to the 6-axis of 
the intersections of the molecular planes with (001) The value of 0 deduced 
in an earher section from the fluorescence measurements was 32° 

Thus the conclusion that the absorption coefficients of the crystal for 
the a and the b vibrations should bear approximatdy the ratio tan* 1 is 
verified experimentally, and hence also the obvious inference therefrom that 
light-vibrations incident along the normal to the molecular plane are not 
absorbed at all by the molecule 

Since the vibrations which excite fluorescence strongly are also the 
vibrations which are absorbed strongly, and those which do not excite 
fluorescence are not absorbed at all, one is tempted to enquire whether after 
all the absorption by the molecule may not represent the energy expended 
in exciting fluorescence Such a simple connection between fluorescence 
and absorption however, offers difficulties, smee some of the absorption 
bands are m regions whose wave-lengths are too long to excite fluorescence, 
and they are polarised just as strongly as the other absorptions We are 
continuing the studies on fluorescence with a view to elucidate the connection 
between the absorption and the fluorescence of these molecules 

Summary 

Chrysene crystal is mouodimc, and as usually prepared is in the form 
of d flake parallel to (001) The molecular planes are inclined at 79“ to 
(001), and their intersections with (001) make angles of and — ^ with 
the &-axis, where ^ =29}“ 

The fluorescence of the crystal was excited by the 3660 group of hnes 
of the mercury arc, incident normally on the flake, and was analysed in the 
forward direction for its polarizations and intensity The following results 
may be mentioned here 

(1) Whether the incident vibrations are along a or along b, the a vibrations 
in forward fluorescence are much weaker than the b vibrations, the ratio of 
their intensities being 0 40, which is nearly equal to tan* ^ From this it is 
concluded that when the incident light-vibrations are along the normal to 
the plane of a molecule there is liardly any fluorescence excited in it, and that 
It 18 only vibrations in the plane that excite fluorescence 

(2) With a crystal thick enough to absorb completely the cxating 
radiations, the intensities of forward fluorescence exoted by the a and the 6 
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vibrations separately, are practicaDy equal Prom this observation it 
follows that the absorption coefficients for the a and the b vibrations should 
bear the ratio taii’^ 4> 1 This conclusion is verified by direct measnrements 
on the absoqitiou coefficients 

The obvious interiiretatiou of this result is that when the incident light- 
vibrations are along the normal to the molecular plane there is hardly any 
absorption , and it is only vibrations in the plane that are abswbed 

(3) The relation between fluorescence and absorption is discussed 
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THE DIFFRACTION OF LIGHT BY SUPERSONIC 

WAVES. 


By N S Nacbndsa Nath • 

(Trtnxly Cottegt, Cambridge) 

1 Introduchon 

An elementary theory of the diffraction of hght by supersomc waves m 
hqmds was put forward by Sir C V Raman and myself* to ezplam many of 
the important features of the phenomenon observed by Bdr and others 
The theory was developed under the restriction that a hght beam undergoes 
no amplitude changes on its wavefront during its passage through the super¬ 
sonic field This restnction enabled us to get closed expressions for the 
intensities of the diffraction orders I«ater, experimental conditions 
actually satisfying the above restnction were realised by Bar and Sanders 
who have reported reasonable agreement with our calculations We Ijave 
also developed the exact theory* without the above restnction Though it 
explains certain of the features when the restnction is not satisfied experi¬ 
mentally, yet it IS far from being satisfactory, as the expressions are too 
complicated The exact theory developed by Extermann and Wanmer* 
suffers also from the same defect They have only plotted the intensity 
dia grams of the diffraction orders for certain values of the parameters entenng 
the theory The purpose of this paper is to pomt out an extreme case where 
one can get closed expressions for the intensities of the diffraction orders 
While the elementary theory is valid in the low frequency region (6 to 6 
megacycles per second or less), the thecny contained in this paper is valid 
in any frequency region so long as the supersomc field is not strong enough 
to excite the second and other higher orders It is also found that in the 
very h < gh frequency region, the first orders would be dominant over the 
higher ones 

Eet us assume that the sound field creates a periodic fluctuation in the 
refractive mdex of the medium and consider the case when the direction of 
the light IS normal to the direction of the sound waves The amph- 

tudes of the diffraction orders satisfy the equations* 

( 1 ) 

r SB — eo, , — 1, 0, 1, 


* SzhlUtion ot 1851 Sohdar. 
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t - V — 1, 


p ~= 

S ~ 27rfizlX, 

= the refractive index of the medium, 

~ the amplitude of the fluctuation of the index, 

A - the wave-length of the incident light, 

A* -= the wave-length of the sound waves, 

s = the width of the sound field along the direction of the incident light 
The boundary conditions to be satisfied by 0’s are 

0, (0) - 1 and 0, (0) =0, r =jfe 0. (2) 

which mean that the intensity of the incident light is unit)' If p is zero in 
(I), the solutions of (1) satisfying (2) are given by 0, (f) = J,. (f) where J, 
IS the Bessel function of the rth order This corresponds to our elementary 
theory 

If p IS very large, then the equation (1) can only be satisfied if 

2 « trP*0r, r ^ 0 {^) 

which means that 

0, « exp (* r p* f/2), r 0 (4) 

But A, must nearly be zero by virtue of (2) If f 0 




0 


(3) 


and hence 0, — 1 by virtue of (2) This means that when p is very large, 
the diffraction effect will not be prominent as is otherwise the case when p is 
nearly zero 


Let us assume that p is so large that the second and all other higher 
orders have vanishing amphtudes In this case the equations are 


2 


di 

d0, 

df 


+ 0t =0, 

- 00 ip0i. 


( 8 ) 


as one can easily see that 0i = -0_i If we put 0, « A, exp (»Af) and 
01 — Aj exp (tA^), it IS easy to find out that A satisfies the equation 

2 A* - Ap - 1 =» 0, 


\ \ _ P 8 


the roots of which are 


( 7 ) 
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Thus the amphtudes can be written as 


^0 = Ao exp (»Ai^) + A, exp (»A,f) 

01 =- A, exp {tXJ) + Bi exp (*A,f) (8) 

By virtue of (2) and (6) we must have 

^0 ”1“ ~ 

Ai+Bi - 0, 

Ai + * Ao Ai - 0, (9) 

Bj + » Bj A* — 0 


Solving (9) we can write the solutions for 0# and 0, as 


«>o 



01 = 


t 

Vp* + « 




which may also be written as 


exp {, [f. - ten- tan ( ''j>‘+ » f))]| 

*• - W7-S ' ” {'"'v"* f} <•'’<'*> <"> 

It may be seen from (12) that the phase of the central order depends on the 
index fluctuation while that of the first order does not depend on it, as is 
independent of (i The intensities of the diffraction orders are given by 


Ix 


p* -r 8 *"'■ {-''V “ 4 


p« + g 


(12) 


If p becomes very large lo « 1 and ip: 0 m conformity with our earher con¬ 
clusion If p is very small, !„» 1 — sin* ((/ v2) and i sin* (f / V2) As the 
second orders are not observed in this r^ion only when ( is small, the above 
expressions may be ea^y seen to be the approxiinations of J,*(^ and Ji* {i) 
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I^eaving these two extreme cases, it may be seen from (12) that when 

ns 

4 

or Js = ' jLe w , where s a positive intese*, (IS) 

the intensity of the first order is zero which means the absence of the diffrac¬ 
tion effect 

We have assumed here that p is so large that the second and other 
higher orders have vanishing intensity We shonld thus eiqiect reasonable 
agreement between (12) and one of the diagrams in Bxtermann and Wan- 
mer*s paper^ in which the second order has a small intensity while all the 
higher orders are absent This diagram corresponds to p l and we should 

thus expect the validity of (13) when p > 1 (Extermann’s $ and D ate ^ 

P 

and p f/2 respectively in our notation) In the following diagram, the dotted 



The dotted curves practicalljr coincide with the continuous ones of Bztennann and 
Wannler for low values of ( 

curves are according to (12), while the contmuous ones are taken from the 
paper of Extermaim and Wanmer Complete agreement cannot be expected 
as our expressions (12) are vahd only when the second and otiier higher 
orders are not present, which is not exactly the case as can be seen in the 
curve for the intensity of the second order which is not entirdy neg^g^de. 
If we remember that Sxtermann's corves were jotted from extensive 
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calculations, the usefulness of (12) when p>l may not be without sigm- 
ficance, as he has oxily plotted three intensity diagrams two of which corres- 
pond to /> < 1 and the remaining to p = 1 

Before concluding we may point out the significance of (11) in the 
application of the theory to the diffraction of hght by supersome waves in 
solids If we consider a longitudinal sound wave, it creates an index 
fluctuation given by an elhpsoid, two of whose axes he in a plane perpendi¬ 
cular to the direction of the mcident light and one of which lies along the 
direction of the sound wave If the inadent hght is hnearly polarised, we 
will have to decompose the incident hght into two components, the polarisa¬ 
tions of which he along the above axes and consider the propagation of each 
independent of the other It may be seen from (11) that the phases of the 
two components of the central order would be different as they depend on the 
pnncipal index fluctuations which are different Thus the resultant of the two 
components of the central order should be elliptically polarised The first 
order would be hnearly polarised as can be seen from (11), in the limits of 
the vahdity of the theory In general, one should expect the diflfraction 
orders to be elliptically polarised But when pi^ 0, the phases of the 
diffraction orders do not depend on the index fluctuations and we ^ould 
expect, as has been pointed out by Mudler and myself,* that the diffraction 
orders would be hnearly polarised 
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OERTLICHE EMPFINDLICHKEITS-UNTER- 
SCHIEDE IN DER SCHICHTE DER 
PHOTOGRAPHISCHEN PLATTE. 

Von O TAiiLStN und A W Rsm 

(182, nun deal Phyiikalutchen Inetitul der Terhnisshen Hochwhule drat ) 

(Mit 2 Figurpn im Text ) 

Bfii pbotographischen Intensitats-Messangen benotigt xnan bekannthch die 
Kenutms der " Schwarzungs- ” oder " Gradations-Kurve ”, die fUr die 
betreffende Plattensorte die Abhangigkeit der eutmckdteii Schwarzung 
von der aufgestrahlten Energiemeuge darstellt Man erhalt sie, indem 
man niit Eichtmtensitiiten, deren Verhaltms bckannt seiu muss, Intensitats- 
” Stufen ” Oder "-Marken ” auf die Platte druckt und deren Schwarzung 
mtt dem Photometer nusst Die Schwdrrungsmarken hegen naturgemhO 
auf verschiedenen Stellen der Platte, die Gradationskurve, auf der die zu 
untersuchenden Schwdrzungen, die selbst wieder auf andern Stellen der 
Platte hegen, abgegriffen werden soUen, ist natiirhch nut vetwendbar, wenn 
die Empfindlichkeit der Emulsion an alien verwendeten Plattenstdlen die 
gleiche ibt Man scheint in dieser Hinsicht keine systematischen Storungen 
zu befhrchten und sich im allgemetnen damit zu begnugen, dem Plattenrand 
fern zu bleiben, es wkre ]a auch schwieng, auf dersdben Platte und auf 
denselben Stellen sowohl die Schwarzungskurve als auch lokale Empfind- 
lichkeits-Unterschiede bestimmen zu wollen, insbesondere dann schwieng, 
wenn so wie beim spektrophotometnschen Arbeiten als dntte Unbekannte 
die Abhangigkeit der Gradationskurve von der Welleolange hinzukommt 
In dieser Lage ist man z B bei der Bestimmung der Defolansattons- 
VerMUntsse m Streuspektrum, wobei fhr die emzelnen dutch ihre 
Erequenz dehmerten Eaman-Linien das Intensit&ts>Verh&ltms der <r- und 
7r-Komponcnte zu bestimmen ist Bei diesen Versuchen liess uns em gdnstiger 
Zufall erkennen, da6 gewisse Storungen, die wir bis dahin als zufSlhge 
angesehen hatten, systematischer Natur und daher vetmeidbar sind Die 
im hiesigen Institut seit einigen Jahren veiwendete ” Polansations>Appa- 
ratur ” und ihre bis damals bekanuten Fdilerquellen wurde von dem Einen 
von uns ausfhhrhch beschriebcn * Die Ungenauig^eit in der Messung des 
Depolansations-faktors p„ wird dutch Vermeidung des im folgendeu beapro* 
chenen Plattenfehlers nicht unwesentlich verringert 

‘ A. Roltx, Zitehr phymhal, ehem , 1936, (B), 38, 368 
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Fiat R 1 

1)ii^ AusntitKung dor PlatteiiflftLho (B, 5 mil 9 cm ) fikr die xur B^Rtimmung der 
PolaJifiations-Verh&ltniHHC irri Raman^Hp ktium ndtigen Schwftrzungon Oben imd 
Unten Ktr^^uepektrum d^r Plg-Lampe zur Fostlogung den Zusanimenhangea zwiBchen 
Platton-Ort und WellpnUlnge In der Miitt* dl? ?r und tr-Komponente des Raman 
gpektrums, darunter tt nnd a-Komponinfer elnea mife rim r Opallampe b'^pgrat-rllfern 
konfeinuiorhchon Kontroll-Spoktrums Xr I Wb 9 Intenfufeflts-Sttifrn 


Bestimmt man nun zui Herstellung der Gradattom-Kurve an irgend 
emer interessierenden I'requenzstelle (fur einen bestimmten Wert x) die 
Schw&rzungen in den von 1 bis 9 m der Schwkrzung zunehmenden Stufen, 
so ergab sich immer schon eine gewisse Streuung der Messdaten derart, daO 
insbesondere die Angaben fiir die Stufen 5, 6, 7, 8, 9, von denen laut Kig 1 die 
mittleren drei in der unteren, die andern in der oberen Plattenhdlfte gednickt 
worden waren, sich nicbt in eine eindeutig glatte Kurve einfugen woUte 
Wir beniitzen die Braunsiegel-Platte (OUo Perutz, Miinchen) und legen 
groite Sorgfalt auf genaueste Binhaltung der Versuchsbedingungen (Kon¬ 
stanz der Lichtquelle, Bdichtung-und Entwicklungs-Zeit, Rodinal-Ent- 
wickler 1 20, Pinsel-Entwicklung bei 18° C in voUiger Dunkellieit, Kon¬ 
stanz der Photometer-Empfindlichkeit usf) 

Als wit nun gelegentlich die Emulsion Nr 28361 verwendeten, waren 
die Abwetchungen in den Angaben der Stufen 6, 7. 8, so gro0, dafi sie mcht 
rnAr als zufkllig angesehen warden konnten und uns zwangen, der Sadie 
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nachzugehen Mehrfache Wiederholung des Stufoidrackeiis aof vendiie- 
denen Flatten dersdben Emulsion ergab state ein Heraosfallen dieser 
Stufenwerte, nut da0 sie bei den emen Aufnahmen wesentlich *u tirf, bei 
den andern wesentlich zu hoch lagen, und zwar ttat das eine oder andere 
ein, je nachdem ob beim Einlegen der Platte jene E&ngskante, die den 
stdrkeren Randschleier aufwies, unten oder oben zn hegen kam 

Daraufhm warden verschiedene Emulsionen anf diesen Eflekt bin 
geprhft, es wurde so wie in Figur 1 hber die ganze Breite (y-Richtang) der 
Platte Stufen gletcher Intensitdt gedrhckt, und an irgend emer Stdle x photo- 
metnert Die so bestimmte Durcblassigkeit wurde als Funktion des 
Abstandes der Stufe von jener Edngskante der Platte, die den st&lkeren 
Randschleier (schrafBert in Fig 2) aufwies, eingetragen Eigebnis in 
Figur 2 Man ersieht aus ihr, da0 diese systematischen orthchen Emp- 
hndhchkeits-Unterschiede erstens recht betrddithche sem und sich zweitens 
in manchen Fallen bis zur Plattenmitte erstrecken kbnnen 



Ftova 2. 

HvHtematiaohe OrtUche Bmp&ndUohlwits-Untetscliiede la der 
Sohicht yon Braaneiegel-Platten. 


Attch an anderen audit von Ptmdx hergestellten Ftattensoirtea warden 
fthnltche Ergebnisse erhalten Wir vermutmi, dad es siCh dabei, ebenao 
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wie beim Bandschteier, um erne irgendwie in der Herstdlung b^^ndete, 
mehr Oder weniger allgememe Eigenschaft photographischer Flatten handdt 
Vidleicht ist sie schon m der Eiterator beschneben und wieder in Veigessen- 
heit geraten Jedenfalls hielten -wir es fiir nnsete Fflicht dber diese Ersdiei* 
nong zu berichten, da ihre Nichtbeacbtung quantitative photographische 
Intensit&ts-Messungen unter Umst&nden weitgehend entwerten kann 

Wir umgehen diese Schwiengkeit derzeit so, dafi wir an Stelle von 9 
mal 6, 5—Flatten halbierte 9 x 12—Flatten verwenden derart, daS die 
dnrch Randschleier ausgezeichneten Kannten nun in die ^r-Richtung der 
Figur 1 zu liegen konunen Dann findet man, wie Figur 2 zeigt (3 Kurve 
von unten), entlang dieser Richtung praktisch voUkommene Konstanz der 
Durchkssigkeit Alle bisher auf solchen Flatten in der Art von Figur 1 
hergestellten Cradationskurven lassen sich exaht durch aXU Messpunkte 
legen 



STUDIEN ZUM RAMAN-EFFEKT. 

Mitteilung XC V: Stickstoffkorper XII. (Nitrogruppe.) 

Von E Pendl, A W Reitz tjnd R Sabathy 

(18) AfMrtlunii auH drm Phifnikalim hen Inatitui der Teehmerhen Hoekaehule Gras ) 

(Mit 2 Kiguren im Text) 

Oio Schwierigkeittiu bei der Doutung der Mpektren der Monanitroparafflne, 
Insboeondero das Auftreten omer Jiinienverdoppplung bei 1380 machon eine beeondero 
Uniersuchung notwendig Die zur Krkl&ning dieser Verdoppelung vorhandenen 
Moglichkeiton, gh handle sich um erne CH-Froquenz, urn erne nlcht zu NO^ gehOrige 
Ketten-frequonz, utu A ufspaliung infolge Fermi*Besonanz werden Punkt fdr Pankt ala 
nilndo<«teii8 hOrhst unwohracheinhcb nat^hgewiesen £s blelbt offenbar nur die Attnahme 
Uber, da8 die Nitrogruppe zwoi verschiedene Formen annehmen kann ; doch erscheint 
PH wdnRclicnewort, diesen Schluss noch durch B3i«iteUnng weiteren Brfahrungs-materiales 
7u stilt7en 

A Fiinletiung 

Beim Versuch, die Spektren der Nitroparaffine zu deuten, treten gewisse 
Schwiengkeiten auf, die im Falle der beiden medrigsten Homologen-Nitro- 
methan und- dthan*- gaiiz besonders ausgqirdgt smd Vor allem ist es die 
Unklarheit, die bezuglich der Bedeutung der Doppellmie bei 1380 cm 
besteht, denn einer, der iiblichen Pormulierung entsprechend gebauten 
Nitrogruppe konnen nur zwe% hohe Frequenzen zukommen Fbr daa 
Auftieten emer dntten Lime in diesem Frequenzbereich mbsseu andete 
Ursachen maQgebend sein entweder handelt es sich um eine CH-Defor. 
mations frequenzoder es liegt ein Fall von Aufspaltuug infolge F^rmr-Resonanz 
vor Man koiinte vielleicht auch daran denken, den sog ” 1 unnel- 
Kffekt" zur Erklarung heranzuziehen, doch woUen wir hierauf zunkchst 
mcht emgehen SchlielShch ist noch die Koeicistenz zwaer verscbiedener 
Formen der NOj'Gruppe als Ursache der Linienverdoppelung bei 1880 
denkbar 

Um uber I^age und Verhalten der CH-Defoimationsfrequenzen Auskunft 
7U erhalten haben wir Chlorpiknn, dessen Spektrum dberhaupt kerne CH- 
Frcquenz enthalten kann, sowie (unter anderem) zwei sekunddre Nitro¬ 
paraffine untersucht, bei denen die Methyl-bezw Methylengruppe in 
o-Stellung durch eipe Methingruppe ersetzt ist Leider scheiterte unsere 
Absicht an Nitro-tertiar-Butan zu speklroskopieren bisher an der Wider- 
spenstigkeit dieser Substanz 

Um uber die Auswirkung emer F^mi-Resonanz entscheiden zu konnen, 
Ziehen vm in Nitromethan und Chlorpiknn zwei moghchst verschiedenartige 

» A Dodlou F Je\e, und K W F. Kohlrausch 8B Ahad, Wttt Wi«n. 1081. 
140. 201 ' 
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Molek(ile zam Vergleich herau Urn die e^^erimentelle Gnindlage filr die 
Deutung ihrer Spektren zu erweitern, haben wir schlieShch noch Polansa- 
tionsmessungen an diesen beiden Korpern durchgefuhrt 

B ExpenmenteUe Ergehmsse 

(a) Dte Ramanspektren 

1 NUrotnethan, CHsNOt Zweimalige Destination bet vermindertem 
Dmck Kp„« 49,4-60,4^ Kp,„ 101,3° (Dit Kp,„ 102°) PI 2717, mP, 
t = 12 , PI 2720, in F , enger Spalt, t = 35 . PI 2718, o F , t - 8 , PI 2719, 
0 F , enger Spalt, t = 36 Ugd m , Sp st -sst, n = 41 


Tabelia I 
NUromethan 



PH* 

0 v» 

l)K * 

M® 

PRS* 

Mitti 1 

\ 

487 (3) 

485 (2) 

478 (7) 

483 (m) 

480 (8. b) 

4^3 (8 b) 

2 




610 (<*) 

608 (7, b) 

600(3 b) 

*5 

[711 (4)1 

055(3) 

650 (4) 

657 (mat) 

050(10 1) 

66l>(10 b) 

4 

017 (3) 

010 (0) 

i 017 (10) 

918 (8Ht) 

015 (12, b) 

917(12 b. 

A 

002 (1) 






H 

1101 (1) 

1111 (1) 

U03(l) 

1100 (a) 

1000 (7. b) 

1104(3 b) 

7 

1274 (1) 






8 





1714(2. b) 

1314(2 b) 

0 





1733 (2,b) 

1333 (2 h) 

10 

1380 (5) 


1373 (4) 

1370 (at) 

1374 (7) 

1376 (7) 

11 

1404 (5) 

1306 (6) i 

1400 (7) 

1402 (at) 

1403 (8) 

1401 (8) 

12 

1584 (1) 

1501 (I) 

1663 (3) 

1560 (m) 

1657(7 *b) 

1531 (3 ah) 

13 





2760 (1, r1) 

2766 (trl) 

14 

2073 (4) 

2061 (5) 

2066 (8) 

2068 (at) 

2065 (10 »b) 

2007 (10 ab) 

13 


3042 (0) 


3067 (a, sb) 

3048 (7 ob) 

3040 (3ab) 


* A Petnkaln, J. Hoohbera, ZS phy$ Chem , 1929, (B) S, 217 und 105 

* A 8 (lanemn, 8 Venkateawaran, Ind Joum Phif$, 1929,4.190 

* A. Dadieu, K W F Kohlraasch. S B«r Akad Wu$ Witn 1930. M9. 77 

* li. M4dard, Joum eMm phya, 1936,3% 130 

* Pendl—RHIta—Habathy, vorUegonde AfMt. 
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In Tab I ist das bier erhaltene Eigebms den filteren Angaben der ein- 
zelnen Autoren gegenbberegstellt Dank der angewendeten, reidil ic fa en 
Ueberexposition konnten wir die Kxistenz von drei neiien Z4nien-1314 (2b), 
1333 (2b), 2766 (Id)-sicheTsteUen Die von PdnkalthHocliberg angegebenen 
Frequenzen 992 (1) Nr 5 und 1274 (1) Nr 7 sind offenbar nidht redl und bet 
A v — 711 (4) Nr 3 dbrfte wobl ein Rechenfehler vorhegen Itn fibtigen 
besteht gate Uebereinstimmung zwischen den zusanunengebongen Werten 
Die letzte >Spalte enthalt die aus ]enen Angaben emuttelten wahtschein- 
lidisten Frequenzwerte, die Intensitatsangaben sind aus der vorletzten 
Spalte ubernommen 

(2) Nttro-t-propan , (HjC)! HC 'NOi Daistellnng nach V Mayer'' durch 
Binwirkung von Isopropyl-jodid auf AgNOj Starke Brwdrmung und 
Entwicklung brauner Dampfe Eine Stunde Erwdrmung auf dem Wasser- 
bade, bierauf neuerlicbe Zugabe von AgNOt und Erwarmung Zweimahge 
Destination bei herrschendem, zweimabge bei vennindertem Druck Kpf, 
59-60'. Kp,„ 113-119' (Eit Kp, 118'), ni>, =1.3960 PI 2949, mF, 
t 14 , bei PI 2662, o F , t =9 bildet sich ein weisshcher Niederscfalag, 
gleichzeitig wird die Substanz tief gelb n = 38 

A V = 276 (2b) fe), 336 (lb) (e, c). 460 (1) (k. e. c), 622 (4) (k. e. c). 
868 (i)(e), 631 (00) (e), 849 (6) (k. f, e, c). 900 (1) (e) . 964 (00>) (e) . 
1100 (3) (k, e). 1140 (i) (k, e), 1278 (0) (k, e) . 1306 (0) (k. e) , 1366 (4) (k. e). 
1398 (4) (k, e), 1480 (3b)(k, e). 1662 (1) (k. e) . 2922 (4) (k), 2946(6) 
(k, e). (2992 (6 b) (k, e) 

(3) Nttro-sek -butan H{C| HC (CHt) 'NOa Herstdlung analog den 
frdheren Substanzen aus Sek Butyljodid und Sflbemitrit unter Verwendung 
von Seesand Einmalige Dest bei berrscbendon Druck, zweitnal bet 
vermindettem Druck Kp«a 66-68', Kpaaa 124-139' (I4t Kp cca 140'); 

iao = 1,4028 Die Sutetanz ist gelb und gibt starken Unteigrund; FI. 2664 
und 2667, mF, t = 14, Ugdsst, Sp m, n =21, nur Hge-Erreguitg, 
Ergebms wemg befriedigend 

A V -« 232 (0). 288 (J), 360 (*), 408 (1), 620 (1), 843 (3), 966 (J), 1017 (1), 
1116(1), 1278(4), 1364 (3), 1389(3), 1486 (4b), 1684(1), [1620 (i). 1673 (§)], 
2872 (3), 2942 (4), 2981 (2) 

(4) Nttro-i-butan‘ (H|C)| H0*HaC*NOa Zu einer Mtschung von A^Og 
und reinstem vSeesand wurde die dquimolare Menge Isbbutyl-Jodid 


’ V Mayer. Ztebiy’a Ann, Chem , 1874, t7t, 89. 

* B Demote. Zte^ty’e Atm. Chem , 1878, llli, 142. 
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zugetrqpft, erne halbe Stunde erw^iut und abdestiUieit Da noch uuver« 
fiadeites Jodid vorhanden war, wurde neuardings nut AgNO^ behandelt. Daa 
DeztiUat ist grdn Das Isobutylmtnt wurde dutch fraktiomerte Destina¬ 
tion entfernt, die Fraktiou dber 130° dreuna] bei venumdertem Druck 
destiUiert Kp„ 61-62“ {Ut Kp 137-140“). Ud, = 1,4066 PI 2640, 
m F., t =3 14 , PI 2641, o F , t = 9, schwache Gdbfarbung Ugd m , Sp 
st, n = 47 

Av-236 (i)(±e), 302 (i)(e), 326(3) (±e). 374 (0) (e). 427 (3) 
(i e, c), 481 (2b) (± e, c) , 563 (0) (e), 610 (2) (e) , 624 (2) (e. c). 726 (0) (e) 
826 (6) (k, e) , 899 (6) (k, e), 960 (6) (k, e), 1021 (4) (k, e) . 1133 (2) (k, e) . 
1176 (4) (e), 1232 (3) (k, e), 1288 (3) (k. e), 1346 (5b) (k, e). 1382 (9) (k, e), 
1446 (6b) (k, e) , 1649 (6) (e) , 1629 (0) (e) . 2874 (6) (k) , 2907 (6) (k. e), 
2938 , (6) (k, e) , 2972 (8) (k, e) 

(5) Chlorptkrtn, ClgC NOg Das Frkparat von Kahlbaum wurde dretmal 
im Vakuum destilhert Kp,o 47,4-48,4“ Kp,„ 111,2“ (I,it Kp„, 112“) PI 
2726, m F , t = 12, PI 2727, o F , t * ** = 64 Ugd s m, Sp st , n — 42 

Tabellb II 


Chlorptkrtn 


MIIoiw* 

M^dardio 

1> R S “ 

Mibmo* 

M^dwlio 

r u s « 

201(2) 

203 (Mt) 

200 (8) 


BOO (8, h) 

901 (1) 


288 («t) '1 

202 (Ob) 



toss (00) 

1105(00) 

288 (S) 

208 (bO J 




410 (a) 



131U (s) 

1306 (0) 

420 (2) 

439 (wt) 

438 (12b) 

1337 (2) 





010 (00 V) 


1740 (b) 

1340 (J) 



673(1) 



1461 (00 V) 

720(1) 

TOO (m«t) 

706 (7b) 

1078 (2) 



048(1) 

842 (milt) 

840(H) 


1607 (m) 

1004 ± 10 (Ob) 


Aus Tab II geht hervor, daS einige neue Limen festgestellt werden konnten, 
insbesondere Av »>673 (1) Dagegen geben unsere gut ezponierteu 


• M. HUone, Oattt. ohim tial , 1983, 68, 4S3 

** L. U4daid, Joum, thim, phya , 1936,8% 136. 
FtoBdl—Beitcr—Babathy, vorhtgendt Arbeit 
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Aufnahmeti kcmeilei Auhaltspuukte fur die Existenz von A v «= 410 
{Midard) und ia33. 1678 (Mtlone) 

(b) Polansattonsmessungen 

TABbLI«£ III 

Nitromeihan, Polartsattonsmessungen 



Mittelwcrte 

Kmzolwerte 

PI 374 

PI 376 

Pi 370 


h 

P 

1 

P 

T 

P 

I 

P 

T 

480 

8U 

o.sa 

33 

0,80 

35 

0,04 

12 

0.67 

31 

«08 

3b 

.Ip 

[12] 

[0.80] 

[13] 

[0.02] 

[12] 

n.ni 

[12] 

m 

lOb 

0,40 

64 

0.18 

64 


64 

0,41 

64 

015 

12b 

0,07 

142 

0,06 





154 

looe 

3b 

0,74 

12 

0,79 

15 

0,68 

11 


11 

ni4 

:!'l 

dp 

[S] 

(dp) 

[(«n ] 




[1,00] 

[11 

m,\ 

2b/ 










1374 

7 

10.33] 

[W] 

[0.34] 

[85] 




[0,10] 

[07] 

1403 

8 

[0,41] 

1123] 

[0,43] 

[122] 




[•1.18J 

[126] 








Unbrauchbar 



1558 

•igb 

0,81 

27 


24 





20 

?70« 

lab 








HI 


sm 

lOsb 

0,00 

OS 

o.u 

82 





08 

ms (Tfir) 


[0,06] 

[20] 

ro. W] 

[28J . 

- 



H 



(1) In Tab III sind die Ergebmsse unserer Polansationsmessungen 
an NttromUhan zusammengestellt Aufnahme 374 wurde 18 Stunden 
expomert .N't 375 nut 36 Stunden muOte wiederholt werden, well die Platte 
wegen eines Schichtfelilers im Bcreich der hoheren, von Hge erregten Raman- 
frequenzen unbrauchbar war A v — 656 ist die Bezugslime ftir die Reduk- 
tion der drei Aufnahmen auf gleiche, relative Intensitdten Runde Klammern 
bei den Zahleuangaben bcdeuten, daO dieselben wegen zu gennger Intensit&t 
der Eime unsicher sind, eckigc Klammern weisen auf FSlschung durch 
Uebeideckung oder durch sehr nahe liegende, starke Einien hin Sicher 
depolansiert sind A v = 480, 608 (der auf die Oberdeckende Irime f-666 
entfallende Antml ist in Tab III bereits in Abzug gebracht), die Dcqipd. 
hme 1314, 1333, ferner 3048 und wahrscheinHcb 1668 e-2766 konnte wegen 
zu gennger Intensit&t (GrtinlOcke 1) mcht ausgmnessen werden 
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(2) Chlorptknn. Die Tab IV, uber die Higebuisse der Polansations- 
messungen enth^t naturgemkS kerne 4iigciben ilber die sebr schwacheu 
Frequenzen 619, 673, 901, 1026, 1106, 1481 Dqiolansiert dbrfte nur die 
tiefste Frequenz A e — 200 sein, den nachsthoch&ten Wert far p weist die 
NOfFrequenz A i' — 1604 auf 

Av — 438 (12b) mit p ~ 0,09 gehort ofienbar zur selben Schwingungs- 
form wie A v = 916 (12b) mit p = 0,07 in Nitromethaii 


Tabei4,e IV 

Chlorptknn, Polansattontme^sungen 



Mittel^aert 


Kinrclwrrie 

78 

PI 377 

Vi 3’ 

Av 


P 

I 

P 

I 

P 

I 

2()0 

8 

0.81 

1)3 

0,81 

in 

080 

112 

292 

Oh 

0,00 

168 

0.70 

1'59 

0,02 

157 

438 

12b 

0,09 

306 

0,08 

m 

0.08 

204 

619 

00” 







«73 

1 







705 

7b 

0.70 

48 

0.73 

40 

0,67 

46 

840 

8 

0,27 

60 

0,30 

60 

0,24 

60 

001 

i 







1025 

00 







1105 

00 







1306 

0 

1 

0.40 

27 

0.43 

27 

0,54 

26 

1345 

3 

[0,461 ' 

[in 

[0,351 

[IIJ 

r0.6(ij 

f)3j 

U81 

00 T’ 







1004 

5b 

0.70 

18 

0,77 

17 

0,81 

16 
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C Dtskusston 
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Pia 1 

l>if Hamanapektien von Chlurpiknn und den Monooitio-parafflnen 


(a) Frequenxwerk ttnd Intensitaten In Fig 1 aind unter Nr 2 bis 9 
die Spektren der bisher bearbeiteten Mononitroparaffine zusammengestellt, 
als Nr 1 wurde dberdies zu Vergleichzwedcen das Spektrum von Chlorpikrin 
eingetragen Die Zahlenwerte fur die Zdlen 1. 2 und 7. 8, 9 entstammen 
dem vorhergehenden Abschnitt B, die Spektren der restbchen Zeilen 3 bis 6 
Sind alls der Arbeit von Dadteu-Jele-Kohirausch (Ic) ubemonunen Bine 
neuerliche Durchsicbt dieses Matenals bat ergeben, da0 aucb in Nitro-n- 
butan eine zweite allerdings schwache Frequenz bei 1340 vorbanden ist 
Als Krg&nzung zur grapbiscben Uebersidit m Figur 1 seien im Folgenden 
die Kigenscbaften (Frequenzwerte und rdative Intensitftten) der drei zur 
Diskussion stebenden Luden aucb zablenm&Sig zusammengestellt: 


NOj.UK, 

1376 (7) 

im (S) 

1601 (6) 

NOj.CH, CH, 

1367 <7) 

1394 (S) 

1560(4) 

NOsi*CH,-CHg-CHo 

1346 (1) 

18M(8) 

1553 (4) 

NO, CHa*CH,-CH,‘CH, 

1338 (0) 

1383(5) 

1552 (4) 

NO,*rH,-CH, CH,*CH,*CH, 

1342(2) 

1379(5) 

1591 (3) 

NO,*CH,*CH.(CH,), 

1346 (5) 

1383(9) 

1540(6) 


1356 (4) 

1396(4) 

1552(1) 


1354 (3) 

1389(3) 

1604 (1) 

NO,-013, 

1306(6} 

1345(3) 

im (5) 
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Zum Ramem-Effekt-^XCV 

dtrenge Lagenkonskmz kommt (abgeadiai von Chloipikzui) nor der 
hochsten lime um 1660 zu, am wemgsten lagenkonstant ist die tiebte 
Ftequenz nut emer Mazusal-Verschiebong von 38 cm , dock ist m imer 
Hinsidit ein irgendwie oharaktenstisdier Untetsdued im Verhalten der 
beiden I4nien urn 1380 mcht festzustellen 

In Bezug anf die Intenstt&tsverhhUntsse jedoch smd Untersduede im 
Verhalten dieser l 4 nien bemerkbar Obwohl die Eindeatigkeit der Ao&sage 
dadurch leidet, daS vom Aethylderivat angefangen die von und Hgg 
err^e CH-DeformationS'-Frequenz A v — 1450 an die Stelle Hge—1396 und 
Hge—1346 zu hegen kommt und daher m manchen Fdlleu die Intensitilten 
fftlscht, iSsst sich dock feststellen , Ike tidere Frequenz weist starke Inten- 
sitatS'Schwankungen auf, die kohere mcht Daraus Islsst sick wohl nut 
emer gewissen Wakrscheiohckkeit folgem, daO die Intensitkten von A v — 
1660 und A I' => 1390 von andern Bedingungen abhangen, als die Intensitdt 
der tiefsten Frequenz Das heisst nut andern Worten Jehoren die beiden 
ersteren zur normalen NOi-Gruppe, dann gekort 1360 mcM dazu 

Bndkch siekt man, da0 dieses Bimenpaar 1350 und 1390 weder m Chlor- 
piknn, dafi dock iiberkaupt kerne CH-Frequenzen besitzen kann, verschwindet, 
nock daS es merkkch durck den Ersatz der Metkylengruppe in a-Stellung 
dutch Methm (Fig 1, 8 und 9) beemflusst wird Beides musste man 
erwarten, wenn es sick bei emer dieser beiden Lmien um erne 8 (CH)-Fre> 
quenz kandelte Auck dies schemt also mcAi der Fall zu sem. 

(6) Deutufig des Spektrums von Nttromethan Man hat nock zu fragen, 
ob mdit due andere, mcht zur NOg-Gruppe gdiorige, Ketten-Frequenz 
zur erklftrung emer dntten Dime im koken Frequenzbereich herangezQgen 
werden kann Dazu ist erne dberscklagsweise modellmadige Berechnung 
mit plausiblen Annakmen kber die MolekOlkonstanten erforderlich Vor 
Verwendung irgend ernes Pormdsystems ist jedoch zu kliuren, ob das Mbiekkl 
die Idethylgruppe als emheitkche Masse betracktet als ebenes Gebilde 
behanddt werden darf Bine diesbezkg^che Entscheidung mu6 man aus 
dem Vergldch zwiscken dem Brgebms der Polansations-Messungen und den 
Konsequenzen aus den Auswaklregeln abzuleiten versuchen 

Die Kette von Nitrometkan ist em Vieiwssensystem nut 3 Valenz- und 
3-Deforiaation8fieqttenzen Bbenkeit vorausgesetzt, kmnmt ihm die 
Symmetne C|p zu fake mit der Figurenebene, die >Achse nut der C-N- 
BityiiiiTg zusammen. Die kiefiir gdtenden Auswaklregeln^ smd in Tabdle V 
wwdexgi^ben. cug und cug gehdren zu Deformations-Sckwingungen tn der 


» 


K. W. F. Xohlnuseli, 8.B.E, jB^vSiuwnsfband, S. 44. 
All 
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Modellebeue, at( zu einer Deformation senkrecht zu , die Schwi n gu n gs- 
formen smd in Fig 2 schematisch dargestellt 1st das Mdekiil aber ttneben, 
dann fdllt die bishenge Figurenebene als Symmetnedement fort und die 
vorher nur im Bezug auf unterschiedeneu Sdiwingungstypen gehdren mm 


• Tabbiab V 

Nttromethan, AusweMregdn 


Typ 

OxOy 

Autwahbegeln 

ebon, 

nioht eben, 


0 6 

P M, 

^ a>2 CU2 <<>3 

r 


o>2U>3a>6 


M at 

dp ta 

0 ^ 

— 




at fl 

dp Mjf 


- 

- 



N at 

dp Hy 

3 


' — ►2a>4a«o 


ein und derselbeii Rasse an (Uebergang in Tab 5) w, ist demnach im ebenen 
Molektil als depolarisiert, im pyramtdenformigen als polansiert (p < 6/7) 
zu erwarten Da im Spektrum an HjC 'NOi auf Grund von Intensitdt und 
Polansationszustand Av — 915 sicher als “ I^ulsationsfrequenz" identi- 
fiziert werden kann und da die inneren Frequenzen der Methyl^ruppe mcht 
uuter 800 cm Uegen, smd unter dieser Frequenz-Grenze auSer ci>« uux uoch 
die beiden Deformationsfrequenzen U) (s) und <tf| (as) zu erwarten, deren 
Polarisationszustand von der erwahnten Symmetneherabsetzung unberiUut 
bleibt £s smd also im Falle einer ebenen Kettenkonfiguration unter 800 cm 
etne polansterte und ewet depolarmerte Dimen zu erwarten, andemfalls 
umg^ekrt zwei polansierte und erne dqKdansierte Das Eiqpenment 
eutscheidet zuguusten der Symmetrte (480, dp, 608 dp, 666 p) 

Hat man sonach hmreichend Grund anzunehmen, daS die Kette mind- 
estens mebt stark von der Bbenheit abweicht, dann kann man mit den 
bekannten Formeln redmeu, die filr em ebenes, verzweigtes, axialsyuunetn- 
sches Viermassen>Valenzkraftsystem” gdten Bs ist bei solchen Ueberle- 
gungen stets aufschlussreicber den Uebergang zwisdien zwei Spektren als 
diese selbst nut den aus der Modelltheone abgeleiteten Brgebnissen zu 
vergleichen In unserm Falle haben wir den Anschluss an das wohlbdcannte 
Aceton’* gewdhit Fur die Modellkonstanten (bezu^ch Bezeichnung siehe 
Fig 2) wurde gesetzt " Aceton ” =16, M 14 , « 1,16, 

si - 1.36, - 10.10«dyu-em , /* =4 10», dy »0,4 10», rf, «0, 7-10»; 

1* K W P. Kohlrausib, SR.S EiydtuunoabaHd, S ««, Nr 12. 

u K. W. F. Eotalrauach, Amda, 8 141. 
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2 a = 120° “ Nitromethan " mi — mg « 16, M => 14 , Si — 1,36, s, » 
i;i5 , A = 4 10», /,= JO 10» , rfi = 1.0 10*, rf, = 0,7 10*. 2o = 120° Der 
Vergleich zwischen dem Hrgebnis dieser stark schematisiereudeu Kechnung 
und den Molekiilspektreu, bezw dem Uebergang zwischeu denselben ist m 
Pig 2 durchgefiihrt Im Molekfilspektrum von Acetou wurden der Ueber- 
sichtlichkeit halber die CH-Prequenzen w^elassen 



Fia 2 

Drr r(*bQij;;ang Ari*ion —>■ NitiT>mpthan 


Die quabtative Uebereiiistimmung zwischen Kechnung und Expenment 
1st so gut, da6 sich eindeutig folgern Idsst Setzt man die tibliche dieser 
Disktission zugnindegelegte Konfiguration der Nitrogruppe voraus, datm ist 
in dem fraglidien Bereich (iiber 1300) die Existenz einer (fntten Kettmfrequmz 
ausgeschlossen Diese Aussage laSt sich ohneweiteres aiii den Fall des 
Chlorpiknns ilbertragen, das ebenfalls nadi der ublichen Formolierung 
seiner struktur nur zwei hohe Frcquenzen aofweisen diirfte 

(c) Fermt-Resonanz ? Im Spektrum des Chlorpiknus findet sich erne 
Lime, deren Frequenz die Bedingung fur das Emtreten der Fermi-Resonanz, 
2 1330, erf alien wtlrde , es ist die schwach polansierte Lime (/> - 0,70) 

bei 700 Danut die Resonauz zur Wirkung gelangc, wird man allerdings 
vidleicht noch die weitere Bedingung stellen diirfen, dad es sich bei dieser 
Frequenz tun die zur Nitrogruppe gehonge Deformationsschwmgung handelt, 
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denn Sdiwingungen, die zu weit vonemander entferaten Orappen im MaUdcfll 
gdidi«n, duxften einander kaum hinreidieiid aufadunkelii kdmieii. Ea sei 
dahingestellt, ob diese Bediaguug bier eifdllt ist JedenfaUs ist bei Nitro- 
methan schon die erstere Voraussetzung nicht erffiUt; die eiiizige, dort in 
Frage kommende Linie begt bei 656 {p « 0,40}, ilixe Oktav 1312 stiinmt 
recht wenig mit dem Schwerpunkt 1888 des Dnbletts ftbetein Wir glauben 
daher, da0 auch ein solcber Brkl&rangsvasudi lilr die Verdoppelung tuM 
tn Betracht kornnU 

(d) SchUtssbmerkung Somit schemt ein Attsw^ zor Beantwertung 
des eingangs aufgewotfenen Problems nurin der Annabme g^eben zu sem, 
daO die Niirogruppe zwa verschiedene Formtn amnehmen kann ^le wir 
jedocb auf diese Moglichkeit emsthaft eingdien und daraus Folgerungen 
ableiten, mochten wir dock noch weiteies Versnchsmatmial beibiingen 
Womoglich soUen Beobachtungen an Nitro-tertiflr-Butan ergilnzende Aus- 
sagen bber die RoUe der Cfi-Frequenzen bnngen, Neumessungen an dem 
bisber nur unvbllstandig bekannten Spdktmm des Brompikxins konnen 
Beitrage zur Frage nach dem Bmfiuss von Fsrmt-Reaonaiiz beiatdlen Und 
endhch wkren Unteisuchungen an den ibahch gebautmi lonen der Essig- 
und Tnchloressigskure u a m heranzumehen 



EFFECT AND CHEMICAL CONSTITUTION. 

Influence of Constitutive and Other Factors on the Double 
Bonds in Organic Compounds. 

Part I—Coumarin. 

By 0 V ly N Mxnin and T R Sbshapri. 

(From the Deparhneni Chemitiry, Anikra Univen^, WtHMr ) 

Thb large amount of existing data on the Raman spectra of osgamc sub¬ 
stances indicate considerable variations in the C O and C = C frequencies 
depending upon the location of the groups m compounds which are difierent- 
ly constituted These seem to oftreqioiid in a e^eral way to the wdl-known 
differences m the chemical behaviour of these groups in different sitnations 
Whereas chemical reactions are capable of indicating <mly larger differences, 
the ph3r8ical method using Raman spectra seems to be capable of indicating 
even small changes in the nature of these groups It is therefore proposed 
to ezanune m detail the C O and C «■ C frequencies of suitable organic 
compounds of vanous types 

With the above end in view the Raman qiectra coumarin and di- 
methyl-y-pyrone in carbon tetrachloride scdution were studied by us 
more than a year ago Meanwhile Venkateswaran’ published a note m 
Cwrmt Setence recording the Raman spectrum of coumarm m the solid state 
and in the molten condition Though thme was a general agreement between 
OUT results obtained with the solution and his relating to the sohd, there were 
certain noteworthy differences particularly in regard to the carbonyl fre¬ 
quency With a view to clarify the position we have now exanuned the 
Raman qiectrum of coutnann in the sdid state and in solution in various 
solvents and present the important features of the results m this paper 
As the exciting radiation Venlcateswaran employed the 4046 A U and 
4077 A U lines, the 4358 A.U of the mercury are being almost completely 
cut off by means of a filter cff lodme m carbon tetrachloride Smce the 
Raman hues characteristic of the ethylenic and carbonyl double bonds fall 
within the region 1500 to 1800 cm we were interested m that part of the 
qpectrum and therefore employed the 4368 A U hne as the more smtable 
one using a filter of a saturated solutiou of sodium mtrite However, in 
order to check the'results, pictures have been taken without using any filter 
aMUmsoocurring withm the region 1000 to 1800 cmnoted The advents 
'^l|(«endeted dust-fiee by xejieated slow distillation and a pore sample of 
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coumann was used for the experimeuts The same idit width was emplt^ed 
m all cases so as to facilitate comparison of the diffuse lines 

The Raman lines obtained by us and those recorded by Venkatessmran 
in the region 1000 to 1800 cm~> are given m the foUowiiig table The 
numbers within brackets indicate visual estimates of the mtensities 

•Tablb I 


Coumann 

Coiimarm 

m COI4 

in ClIClj 


1030 

(1) 

1030 

(3) 

1102 

(3) 

1006 

(3) 

1125 

(3) 

1123 

(3) 

1J68 

(3) 

1156 

(3) 

1178 

(10) 

1181 

(10) 

1228 

(4) 

1220 

(4) 

1267 

(2) 

1262 

(4) 

1330 

(4) 

1332 

(8) 

1457 

(2) 

1460 

(1) 

1402 

(2) 

1493 

(4) 

1670 

(8) 

1569 

(8) 

1610 

m 

1600 

(«) 

1626 

(0) 

1031 

(6) 



1720 

(6 b) 

1742 

(b) 




Coumann Sohd 
{Authors) 

1030 (1) 
lion (3) 
1128 (3) 
1156 (3) 
1181 (10) 
1228 (4) 
1260 (4) 
1328 (6) 


1457 (2) 
1486 (4) 
1567 (8) 
1604 (6) 
1620 (6) 
1708 (6) 
1731 (6) 


Coumann Holid 
(Venkateswaran) 

1031 (7) 
1008 (6) 
1120 (7) 
1162 (6) 
1173 (8) 
1228 (6) 
1250 (4) 
1324 (8 5) 
1361 (6) 
1306 (3) 
1416 (3) 

1451 (7) 
1483 (7) 
1562 (10) 
1610 (6) 
1623 (6) 
1700 (8) 

1720 (8) 


•'Hie lini>s corresponding to tlte solvents have speared unaltered in the a(datkiqa< 
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It will be noticed that there is a fair general agreement between the four 
sets of results The following points are however noteworthy — 

(1) In our pictures the lines 1361, 1396, 1416 cmthat were observed 
by Venkateswaran were absent They were deiimtely absent when 4368 1. U 
excitation was employed On the other hand when 4046 A U line was used 
it was difficult to observe Raman lines 1361 and 1416 cm because m the 
same places the fairly powerful lines 1178 and 1228 cm~^ exated by 4077 
A U fall 

(2) Of the three hnes 1670,1610 and 1626 the first two could be attri¬ 
buted to the C = C hnkage in the benzene nng and the last to the ethylene 
linkage present in the pyrone nng, ance benzene gives the Raman shifts 
1686 and 1606 and ethylene the shift 1620 Though the pjrrone double bond 
IS situated in a nng it is highly reactive for addition reactions like ethylene 
and hence its resemblance to ethylene in the Raman frequency is justifiable 

(3) The Raman frequency attributable to the carbonyl group is highly 
interesting In carbon tetrachloride solution it is 1742 cm in chloritform 
it comes down to 1720 and is rather diffuse whereas m the solid it is clearly 
resolved into a doublet equally spaced on either side of 1720 The C = O 
frequencies of a few closely alhed compounds are given below — 

Methyl cinnamate . 1712 Benzyhdine acetone 1666 

Ethyl mnamate 1706 Benzyhdme acetophenone 1668 

Coumarin . 1742 Dunethyl-ypyrone . 1678t 

The C O in coumarin which is a typical example of an a-pyrone differs 
markedly from that present in dimethyl-y-pyrone The former belongs to 
the ester or lactone type chemically and the latter to the ketones The 
grouping of the y-pyrone along with the unsaturated ketones is ther^ore 
qmte acceptable Coumann exhibits a rather high C^O frequency as 
compared with the unsaturated esters This increased strength of the C » O 
bond is probably due to its existence in the ring which exhibits a far 
greater stability than ordinary esters and lactones For this comparison 
we have taken the frequency of the C » O of coumarin obtamed m ^14 solu¬ 
tion since as explained below we consider that in this aoluttou the coumann 
molecule exists m the normal state 

In order to get more data with a view to explain the variation in Raman 
frequencies of the double bonds of coumann, the Raman spectra of the com¬ 
pound in benzene, carbondisulphide, acetone and methyl alcohol have also 


I Our uapubliahed work. 
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been studied llie C «■ O and C » C frequencies obtained with tlie solnhcm 
using the difEerent solvents and in the solid state axe given bdow ■ 

Tabia n. 


Goumarin in 

0=0 

0=0 

COl* 

1670, 1610, 1626 

1742 

0,H, 

1669, 1610, 1624 

1736 

CS, . 

1668, 1610, 1626 

1740 

CH,00 OH, 

1668, 1611, 1625 

1738 

CHOI,* 

1669, 1609, 1621 

1720 

OH,OH 

1671, 1009, 1624 

1721 

Solid 

1667, 1604, 1620 

1708, 1731 


* (^ottoiAnn 18 more eoinble in chloroform than m any of the nolvents employed and 
liftnce Iho Baman apectnim m this solvent was studied at throe different conoentmtioiii. 
It waa found that the eonoentratlon has no effect on the frequencies of the Baman 
lines 

It will be noticed that the ethylenk C »■ C frequenciea axe practieally 
unefiected in the different states whereas the C « O frequency is considerably 
influenced The first four agree amongst themsdves and differ from the 
second group of readings The results obtained with the non>polax solvents 
like CCI 4 . CaH| and CS| may be taken as rqiresentiiig the normal state of Hat 
molecule practically unaffected by neighbonriiig mdlecales of coninarin or 
of the solvent The lowering of the frequencies m polar solvents like CHClt 
and methyl alcohol seems to be due to the weakening of ^ C O bond by 
combination with the solvent molecules as rqiresented below through the 



formation of a co'ordmate bond Tbougfr acetone is a polar advent it is 
similar in behaviour to carbon tetradilotide, etc, suice it cannot aff^ the 
C » O bond in coumann. It was noted in this case that the C O freqnendea 
of the advent and of the sdute were quite indeipaident of each otho ai)4 
quite definite, 
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Fiff 1 (^oninann in chloroform 
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Fijf III Microphotometiic rcconls of flu (' - O frconcncx Soh<], 
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The spUttiug of the C »> O freqoency in the apectrom of the solid is 
rather difflcult to e^dain. A sinular sphttiiig was observed by Boniikfl^ 
in the case at hydroxymethyleue camphor and he suggested that it may be 
due to the existence of resonance in ^e molecule Though resonance exists 
in the coumarin molecule also as shown by Govinda Rao.* the above explana¬ 
tion cannot hold good in the present case ci coumarin rince m the solutions 
in non-pdar solvents where resonance is not prohibited the phenomenon is 
absent Obviously this ^tting is not due to the free molecole itsdf but 
arises as due to intermolecular effects. If we take the avere^ of the two 
apht components the sin^^e hne for the solid diould be m 1720 cm.~^ and this 
18 the C = O freqnency given by the solutions in polar advents The lowering 
of the frequency and diffused nature or splitting seem to occur together 
In the solid state the C O bond may be weakened by the mechanism given 
bdow. 



\/\/ 


All diemical reactions indicate that the position 4 in the pytoae nng has 
a positive charge thus indicating deficiency at dectrons and the possiUe 
point of attack for the C » O bond of the neighboonng mdecule 

Sumamy 

The Raman spectrum of coumarin in the sdid state and when dissolved 
in various advents has been examined with reference to (1) the C C and 
(2) the C O frequenoes Of the three frequencies belonging to (1) whidi 
are fairly constant throughout, the two lower ones represent the aromatic 
double brads of the benzene ring and the third represents the ethylene double 
bond of the pyrone ring The C » O frequency is considerably low in the 
sahd state as wdl as m the sdutions with certam polar sdvents This is 
attnbnted to the weakemng of the C O bond by the formation of 
hydrogen bonds through co-ordinatiotL 
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ON AN INEQUALITY CONCERNING LATTICE SUMS. 

By B S Madhava Rao 

AND 

E Vbnkatachaia. Iybngar 

(From the Department of Mathemaitee, Unwernty of Myaore, Bangalore ) 

§ 7 Introductum. 

Thb present investigation arose out of an attempt to eicamine the suggestion 
put forward by Kamaii and Knshiiaii^ that the optical anisotropy of the 
molecules of a hquid tends to diminish when the influence of the neighboaring 
molecular held is taken into consideration We started with the model of a 
rhombic lattice of static dipoles, but it was soon found that this model was 
inadequate for the purpose on hand There arose, however, m the course 
of the investigations some inequalities connected with lattice sums which 
presented many points of mathematical interest Specially in view of the 
fact that, although the actual evaluation of lattice sums figures promiiMi^ly 
in the literature, the question of iiiequahties of such sums has nowhere been 
treated, we have thought it desirable to have them placed on record here. 

§ 2 Statement of the tnequakiy 

Consider a rhombic lattice with the constants a, 6, c, and let the origin 
be chosen at any one molecule situated at a corner of the lattice The 
co-ordinates of any other molecule can be taken as (», a, nt h, »• c) where 
fii, Hi, Mg mtegers The potential due to a doublet at r is given by 

where p is the moment of the dipole Hence the components of the force 
due to this potential are given by 

and the total force 

Ejt ^ ^ ^ ~ + ?>nint ab Py -f ca 

_ yiPf «»*/>* — + Zn^n^ab py -f 

■ I 

(«*«!» -+ 6*«J* + 

" SiJ P)C + Su py + Sjg py 
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On An Inequality Concerning Lattice Sums 


From considerations of symmetry ss o It mi gTit also be 

noticed that for a cubic lattice (a =c) we also have Su « 0 In an 
exactly similar manner we can introduce the sums Sn and Su The 


’ll 


’ll 


(«*«,* - 


•i,«». »i 


(a*ni* + + c*nD 


The problem with which we are concerned m this paper is to find out 
whether this difference is positive or negative when a> b For this puipose 
we consider the more general senes 


/ («. b, c) 


-r — 

~ {aW + 6.n7 + 


( 1 ) 


examine its convergence, and then the mequalities / (a. b, c)^ / (b, a. c) in 
the case of three and two dimensions (te , a plane lattice) The results are 
given in the following two sections 


§ 3 Proof in the case of a rhombic lathee 

The summation in (1) can be assumed to be taken over all positive 
and negative values of «i, «i, Wj excluding = n, = «* =» 0 The terms of 
the senes are less than the corresponding terms of the senes 

IT 

Comparing this with 

y t 

we see that the ongmal senes converges for r > 6/2 I<et a/6 »ja > 1 
Then we prove the following results 

/(a,6,c) >/(6,a.c) ifX>2r (2) 

f{a,b,c)<f(b,a,c) ifX<2r-3 (S) 

The method of proof adopted is the well-known process of transformation 
of senes due to Kronecker Xow 


Take a 



^dt. 


o > 0 


w (a* Hi* -I- 6*«,* + c^nl) Then we obtain 



g-rr t 


tr-^dt 


(r. _ _ _!_ 

iT -I- 6 ^* + 



526 

Hence, 


B. S. Madhava Rao and K. Venkatadiala Iyengar 


/ (a, b, c) = + #«».* +«■«,•>/ .tr-^dt, 




the validity of the operation effected above being too wdl known to be 
repeated here Now let, 

CO (x) =»£ ^“'^.tben 

• OO 

to' (x) =® —ir£n*e~’^*' 

We can wnte (4) in the form, 

X ^ 

/ {a, b, c) =. ^ <,-*«*<»*•/ s e" . ^r -1 * 

- - J " (6*0 («^) « («*) 


Taking aH = v, we get 


^-l||X-ir > /dHfX /cH»\ »/x - 1 


In an exactly similar manner we obtain. 


/ {b, a. f) - - «»(‘^)«(^) 


(v) * dv 


tR) 


(fl) 


/ (a, 6, c) / (6, a, c) - A 


eo 

j to' {v) jco {n*v) to (p J -- M^“*^ »(^) » (2^)} (7) 

where ^ ^ > 1, and A u a positive constant 

Now we show that the integrand in (7) is positive for A > 2r, and nega* 
tive for A < 2f 8, for all values of ». Since /» > 1 


. V - c*v c*v 
<*•»>-, and^ > 


From the fact that <o {x) is a decreasu^ function it follows that 


Hence, if A > 2f, 


CO (ji*v) to 
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Fuxtiier, we observe that w' (v) is thiou^unit negative and hence the 
int^ptind is throughout positive. This proves (2) 

To prove (3), we apply the functional equation of « (x), vtz, 


from which we have, 

<o (u*v) = —^ W 


ft* (*) s= —7- ft) 

Vx 


0 




ft* 


c Vi> 


o 

(X) 


Hence the expression inside the brackets m the integrand of (7) is equal to 


— a> 

CflV \fl^ 

b 

c^v 


(X) “ (a) “ 
{ "(,k) "(X) 


X-«r + i 


€0 


(:’)»(X) 


m 


Now 


I 

•/**V V 


cH> ' 


ther^ore 


ft* 




Hence, if A < 2r — 3, it follows that the expression inside the brackets m 
(8) 18 positive Hence m this case the integrand m (7) is throughout negative, 
axid this proves (3) In particular we obtam, for c > 0, the inequalities 

y, _ g** * * Wi* _^ j, 6*+**nt* 


and, 


(a»»,* + 6*«,» 4 (oHi,* + 


a*lH* 




(g*»i‘ 4 b^* 4 
which answen the question raised in § 2 


— < -- — 

* • (g*»t« 4 4 * ‘ 


(9) 


( 10 ) 


§ 4 The case of ^ pituu latttet 

In this case We put c 0, and take r > 3/2 for tiie convergence of the 
series that arises The discussion for (2) is the same as before The corres¬ 
ponding expression obtained m this case is 


/ {*> 6) -/(*.«)- A ^ ft*' (*) s'- * |ft* 


(m‘*) - 


dx • (11) 
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where A is some positive constant Now, we have 




and the expression withm the brackets m (11) can be wntten as 


Since 


L {" Ci)" " (**)} 

U) > “ (?) 


1 u» 

s < —’ w 

H*x X 


Hence, if A < 2r — 2 we obtain that this is throughout positive, t e, the 
mtegrand is throughout negative Thus the inequality (3), / (a, h) < f (h, a) 
IS valid even when A < 2r — 2, unlike the case of three dimenstons In 
particular we may notice the following mequahties 
„ a*-* «i* „ &•-* n,* 


-t 

(«*«,* + l>%y (a*n,* +6*»,*)* 

where, if e ■= 1, we get (2) 

Sii < S„ sfa > b Also 


(«*»!* + ^ 




> 27 


6»+*P + « n,* 


( 12 ) 


(13*) 


(13) 


(U) 


(a*fti» + bHtt*)* * ^ (a*n + 6*»,*)* ^ 

We nug^t observe, in conclusion, that the method adopted in the previous 
section can be apphed to the very general smes 

/(.,»,c,^ 

and leads to the results that while (2) is vahd, the mequaUty (8) is vahd tot 
A < 2r — A However, when 2r > A > 2r — k, the method we have adopted 
does not yield any definite result 
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RAMAN SPECTRA OF TERPENES. 


By W Room Angus. 

(Prom the VnwersUy College of North fValee, Bangor ) 

Thb period dunng which Raman effect has been available as a tool for the 
eluadation of molecular structure has been one m which much useful data 
have been accumulated So much so, it is now impossible for authors 
of monographs or of bibhographies on the subject to include comprehensive 
and co-ordinating tables of data and deal with them cntically Consequently 
the exact position with respect to the usefulness of Raman spectral methods 
as apphed to certain types of chemical substances is frequently uncertam 
One group of substances for which a large volume of scattered data has been 
recorded is the terpeues and, ansuig from conversations with Professor J L 
Simonsen, the author has endeavoured to collect all the existing results** 
and submits them in this paper The purpose of the paper is to present m 
tabulated form, the experimental results of workers m this field, to compare 
the results of different investigators for the same substance, to correlate 
data on substances considered chemically to be structurally related, to 
co-ordinate and exanune cntically the assertions made by certain authors 
r^arding the constancy of the Raman frequency of certam groups, to consider 
whether the claims which have been made m the literature regarding the 
apphcatiou of Raman spectral methods to the identification of terpenes and 
to the analysis of terpene mixtures are spectroscopically justifiable, and to 
give a complete bibliography 

Before proceeding to an examination the data coutamed lu the tables, 
it IS wdl to draw attention to some important facts For a complete study 
of any molecule it is necessary to know its Raman and infra-red spectra 
The more compheated the molecule, the more complex will both spectra be 
and, accordingly, it will become increasingly difficult to work out the normal 
modes of vibration and to ascertain their spectroscopic activity Every 
molecule, irrespective of its molecular comploity, should have 3n - 6 (« >*= 
number of atoms m the molecule) normal modes of vibration Whetho: 
these are active in both Raman and infra-red spectra, or in one only, or are 
forbidden in both will depend on an apphcation of spectroscopic selection 


* The bibliographies provided by KohlrauM'h*^ and by Hibben** have been of most 
valuable aasistaaoe in this connexion. 
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rales and on the symmetiy of the molecule For a faU discasskm of mole¬ 
cular structure a knowledge of the state ol polaiisataoa of the Raman lines 
and of their mtensrties {not visually estimated) is necessary Moreover, it 
must he borne in mind tlmt spectroso^tc sdection rales, valid for the gaseous 
state, appear to break down when applied to the liquid state.^ Conse¬ 
quently frequenaes forbidden m one spectrum (Raman or infra-red) may 
appear faintly for the liquid state, althoucdi absent in the gaseous state 

In many of the papers under review inadequate description of eaperi- 
mental technique is given The duration of exposure, an important factor, 
IS frequently omitted Kxatation by unfiltered radiatimi from a mercury 
arc IS always suspect because of the appearance of faint lines of mercury which 
may mask Raman hnes or which, as sometimes happens, are mistaken £or 
Raman lines Important as these considerations are. there is a still more 
important fact particularly, but not peculiarly, apphcable to teipenes. It 
IS almost, if not absolutdiy, impossible to be oertam that the substance is 
perfectly pore For many terpene groups it is wdl known that members 
are never completely separable, but that each member is always more or less 
contaminated with its isomendes t This fact seems to have been overlooked 
by many of the workers whose results are under consideration Yet the 
significance of it should be apparent Since this difficulty of obtaining pure 
material for examination does exist, it is quite impossible, for many substances, 
to draw condusioiu regarding their structure from then Raman spectra 

Expormenki Valmt 

The data are oontamed in Tables I-Vni. the intensities are given (in 
parenthesis) m the nomenclature of the paper from whidi the data are taken 
since it IS obviously impossible to transform the various units empiiqred into 
a uniform scheme 

Before diseoasing these data critically ai^ con^dknsivdy attention 
wiU be drawn to any particular features of interest in the tables. 

For comparative purposes the results for isoprene ate included in TaMe 1. 

Table II is interesting principally for the comparison of the data for 
limonene, the agreement between the seven sets of results is good but not 
complete The two sets of results given by Dupont and his collaborators**' ■* 
differ in one important connection, vtx , the numeiical value of the 

t For lastanoe, too little attaatioa would eppeer to have beea paM to the w«lt>> 
kaowa “ t eatonuirfai m ” o( the naay amaben of the tecpeae eenee eeatelaiag Mm 
iiSpiopeayl-leepropylideBe geoop. 
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fr«qttenctes between 1600 and 1700 cm As will be shown later the preci¬ 
sion with whidi these frequencies can be determined is of paramount import¬ 
ance in detecting the constituents of a mixture Such variations in the same 
region are shown also in the data for a-phellandrene and A^-^-menthene 

In Table III, which contains the data for monocychc terpemc alcohols 
and esters, there is one point which calls for special comment An examina¬ 
tion of Bonichon's results* for a-terpmeol, tsopulegol, menthol, and their 
esters reveals the surprising fact that the majority of the hnes of the alcdiol 
appear m the identical position in the esters and with unchanged intensities 
It is extremdy doubtful if such close agreement is indeed experimentally 
realisable, and certainly it is not so m the expenence of the present author 
Furthermore, the contention submitted here is fully substantiated by examm- 
ing the expenmental values recorded for bomyl and isobomyl esters (Table 
Vm) and for myrtanol and isomyrtanbl and their esters (Table VII), 
although there is great similanty, there is not complete identity 

Some of the data in Table IV is subject to cnticism similar to that given 
in the last paragraph Comparison of the data of Bomchon* with those 
of Dulou** shows complete agreement in the numencal values of practi¬ 
cally every displacement for which these authors each report spectra At 
first sight this would appear to anse from the reproduction in one paper of 
data commumcated originally in the other However, this does not seem to 
be the explanation since the two sets of intensities are often considerably 
different (c/ car/one and carvomenthone) and displacements marked ”assez 
nette " in one paper are “ rates floues " m the other The more usual type 
of agreement expected in Raman effect is exemplified, for mstance, by com¬ 
parison of the results of Bomno and Cdla* for menthone with those 
Dulou‘» 

The derivatives of thujane all give spectra very nch m lines (Table V) 
The spectrum of sabinene has been determined by three independent workers 
and their results are in very satisfactory agreement That recorded by 
Matsuno and Han** shows two displacements of 2964 and 2966 cm ~* having 
visually estimated intensities of (6) and (4M) respectivdy These cannot 
be experimental values because even «rlth a spectrograph oi very high sesolv- 
ing power, it would be extremely difficult to separate two strong hnes so 
close together Moreover the fact that one of the pair is broad and diffuse 
is a farther argument in disproving their authenticity The comment is 
made because of a great tendency in mudi work oa terpenes to claim an 
unattainable accuracy of measurement 

The derivatives of carane in Tatde VI caU for no special comment 
ese^ to mention here that data fqr two fractirms, said to consist 
AlO r 
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predominantly of A®-carene, are reproduced from the paper of Dupont and 
Joffre « 

On examining the data in Table VII it is found that by comparing the 
results obtained for a^pinene by Dupont, Daure and Allard*^ with those of 
Dupont and Joffre*’ a very puzzling pomt emerges Without a single 
exception, the values recorded by the latter authors are exactly 5 cm~^ 
lower than those in the other paper, even the broad band between 1400 
and 1500 cm is shifted en bloc across the spectrum by 6 cm -* The 
intensities of the lines are usually identical Results for jS-pmene are also 
contained m the same references and present the same extraordinary shifting 
of almost the entire spectrum by 5 cm It is difficult to believe that such 
results were obtained either fortuitously or expenmentally 

Table VTII calls for no special comment 

Discuiston 

The comments embodied in the preceding section generally indicate 
an unfortunate tendency, not confined by any means to the study of 
terpenes, for authors to extend the attainable accuracy and reproducibihty 
of results to a quite impossible degree There are also in the tables certain 
results (e g , hmonene**) given to 0 1 cm Unquestionably, with a 
spectrograph of high resolving power, such accuracy would be obtainable 
for an tnUnse, sharp line but the determination of famt or diffuse Imes to 
this accuracy is, to say the least, a moot point And, moreover, such high 
accuracy is not demanded by the nature of the investigations being reviewed 

It would be impossible to deal in detail with the many points which 
emerge from an examination of the results on terpenes Accordingly only 
the salient features will be considered 

(a) CompartsoH of different sets of data on the same substance — ^Por most 
substances listed in the tables there exist no confirmatory results and it is 
thus better to await such confirmation before accepting existing data 
unreservedly Where data can be compared, agreement between the diff¬ 
erent sets IS, on the whole, satisfactory Certam sets of data are obviously 
incomplete and are therefore unsatisfactory for comparison purposes For 
the others, apparently complete, there are often discrepanaes in the inten¬ 
sities assigned by different authors to corresponding displacements This 
may or may not be serious because the assignment of the intensity oi an 
individual line in a comphcated spectrum by visual estimation is more a 
question of physiology and psychology than of jdiysics Some of the recorded 
intensities must be accepted as very arbitrary When the strongest line is 
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assigned a numerical intensity value of, say 16, it is difficult to appreciate 
what is meant by the intensity of a diffuse hne to which the value 1 has been 
assigned Also it is difficult to attach any value to fine intensity distinctions 
(A (say) 4 and 6 Such criticism might be considered pedantic and acadenuc, 
and the author would subscribe wholeheartedly to this view were it not for 
the fact that, as will be shown later, the arbitrarily assigned intensity values 
have been apphed to problems deahng with the detection of the constituents 
of a terpene mixture 

(6) The spectra of optically active substances — ^The identity of the spectra 
of the dextro and lavo forms of a substance has been amply demonstrated 
by the results for a-pinene* **• ” *®, A*-carene,” sabinene," bomeol,** 
camphor** and camphoric acid and camphoric anhydride ** Not only so but 
a ^/-mixture has the same spectrum as the active form This is shown by 
the results of Jatkar and Padmanabhan** for dipentene and limonene 
(Table II) The differences which do, m fact, exist are attributed by these 
authors to impurities in the dipentene The nature of these impunties, and 
the evidence for their presence, will be discussed more conveniently later 
in this paper 

(c) The frequency associated with certain links —^The danger of placing 
too much reliance on the constancj’ of the frequency of a link has been 
stressed by many authors {e g , Sutherland**) The force fields exerted on 
the link by the rest of the molecule must play an important part in determining 
its frequency It is well known, for instance, that a system contain¬ 
ing double bonds in conjugation gives a spectrum in which the frequency 
characteristic of each double bond is considerably lowered And it is highly 
probable that other mfiuences may alter the value for a link, although 
possibly, to a less extent Many authors have attempted to attnbute certam 
frequencies to particular links and groupings m terpenes and the assignments 
could be discussed at a length out of keeping with the scope of this 
paper The only link which will be considered will be the ethylemc C — C 
link This occurs in the majonty of the compounds hsted m the tables. 
It IS not always bound m the same way in the molecule, sometimes it is in 
the nng, sometimes it is exocyclicand sometimes it is conjugated to a 
second C — C or to a C -•« O link Its frequency has been the subject of con¬ 
siderable speculation, especially by the Japanese workers, Hayashi^* and 
Matsuno and Han ** These authors have elaborated a scheme, based on 
Bourgud's work**, whereby all substances containing a C ^ hnkmay be looked 
u^n as substituted ethylenes When only one C » C hnk occurs its value 
will depend on how many of the four hy^ogen atoms, originally attached 
to It m ethylene, have been replaced by substitumts Any group, other 
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than COOH, OH, a, and Br, has the Same effect on the frequency (1623 cm ■“») 
of pure ethylene When the molecule contams two C Utdes, substi¬ 
tuted differently but not in conjugation, the ajqiippriate values fm each 
type of substitution will be found in the spectrum 0%ese values are sho^ 
below — 
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When the C = C hnk is combined with a ^efohexane or a ^dohexaue 
nng other slight modifications occur 
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This is apphed to the pubhshed spectra of certain terpenk compounds, 
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Hayashi has also applied the scheme to bndged compounds, denvatives 
of carane, thujane, pinane, and camphane, and he concludes that compounds 
containing a 1 3*bridge (thujane and pmane denvatives) fall into the 
scheme but that when a 1 (carane) or a 1 4-(camphane) bndge is 
present the scheme no longer holds It will have been obser\'ed that, for 
the four compounds for wluch predicted and ascertained values are given 
the agreement between them is tolerable but not complete 

liuch a scheme would be of immense value if it were apphcable to 
"non-bndgcd ’’ and " 1 3-bndged ’* compounds But when it is tested 
out for all the data contained in the taUes, its apphcabihty is less than has 
been claimed for it A senous drawbadc to testing it arises from the 
influence of conjugation on the value of the C = C frequency Isoprene, 
CHf C (CH«) ‘CH CHt, has two links m conjugation, one disubstituted. 
the other monosubstituted Its spectrum contams only one mtense displace¬ 
ment of mean value 1638 cm According to the scheme outhned the two 
vahies 1642 and 1663 cm.~^, diminished on account of conjugation, should 
be found. It is, of coune, possible that this does in fact occur and that the 
diminution of one type is greater than that of the other with the consequent 
overlapping of the two characteristic frequencies On the other hand, it 

I 

is apparently impossible to incorporate ocimene, CHt C (CH,)'CHt'CHt* 
IX in 

CH ’ C (CH|)'CH: CHt, into the scheme It gives two displacements 
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of 1634 and 1666 cm whereas it would be antiapated that the displacement 
1653 cm for the non*con]ug^ted disubstituted hnk (I) and decreased values 
(from 1675 and 1642 cm *) for the tn-(II) and mono-(ni) substituted hnks 
would be found All the difficulties encountered m a rigorous test of 
Hayashi’s scheme cannot be discussed in detail here and consideration of it 
will be terminated by reference to bndged compounds The claim that the 
1 3-bridge has no influence on the ctmractenstic value for a substituted 
link IS not justifiable To support this claim Hayashi has applied the scheme 
to 





() 


o-pinene 

j8-pinene 

X 

sabmene 

Mean Value from Tables 

1662 

1638 

1655 cm ”* 

Predicted Value 

1675 

1656 

1655 cm 


It IS unfortunate that, in advancing the claim, Hayashi dted only the 
value of Dapont, Daure and Allard*® for a-pinene, vtg , 1672 cm "* This 
value IS much higher than that obtained by other investigators (1657- 
1667 cm ~*) In addition, verbenol, which contains the same hnk. 



gives*® 1657 cm-*. 


whilst a-thujane 


gives*® 1642 


cm -* Finally, m this connection, A'-carene- 


and A^-carene 


each give two displacements of approximately 1640 and 1690 
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cm.~* (see Table VI), whereas, according to the scheme, only one should 
be expected if the material under examination is pure 

Quite apart from the lack of numerical agreement, it is extremely 
doubtful whether the apphcition of Hayashi’s scheme would be expected 
to predict accurately the C = C link frequency of thujane and pinane 
derivatives The denvatives of both can certainly be looked on as compounds 
containing a 1 3-bndge, but there is a very big difference m that pinane 
contains a cyc/ctbutane ring whilst thujane contains a <^c/opropane ring and 
thus resembles the carane derivatives which have a 1 2-bndge It is a well- 
established fact that the molecular refractivities of bicychc compounds con- 
taimng a cyclopropane nng show optical exaltation when they have a double 
bond in conjugation with either of the terminal carbon atoms of the bndge 
Bicydic compounds containing a cycfobutane show this to a much less extent 
It might, therefore, be expected that this should be reflected in Raman 
spectra by a depression of the predicted value of the C =• C link m, for 
example, sabinene, a-thujene, and A^-carene Actually A*-carene shows a 
considerable exaltation of the frequency and has the same value as A*-carene 
which does not exhibit this " conjugation ” 

(ft) Detectton of the consMttents of a mtxture —It is in this connexion 
that Raman effect would find its most useful apphcation in the chemistry 
of the terpenes, and it is for this reason that some of the claims made must 
be considered in some detail The pnncipal workers in this branch have 
been Dupont and his collaborators Most of their evidence pivots round 
the consideration of the charactenstic frequency of the ethylemc C = C 
link but it is to some extent dependent also on the values of other frequenaes 
All the work from this laboratory is similar in technique A mixture of 
terpenes or terpenic compounds is fractionated For the several fractions 
vanous physical constants are recorded The Raman spectrum of each 
fraction is determined and a large number of the observed Raman displace¬ 
ments are assigned to possible constituents of the mixture It is daimed 
that the assignments are supported by collateral chemical evidence but the 
present author does not feel competent to express an ojnmon on the vahdity 
of this evidence It is proposed,, therefore, to consider the spectroscopic 
evidence on its own ments 

Bonichon* claims to have found distinctive differences between the 
spectra of spatial isomendes, e g, bomyl and tso-bomyl esters (Table VIII), 
carvomenthol and menthol, and isopulegifl and dihy^ocarveol (Table III), 
based on the intensities of hnes less than 1600 cm.~^ Already a caveat 
regarding intensities has been expressed in this paper and it is strongly felt 
that his daims cannot be accepted—^nor rejected—until md^endent 
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confirmation of his experimental data has been obtained Yet, «ni examining 
the data (Table VIII) for the esters of bomeol and tsobomeol, the assertion 
of Bomchon that the spectra of these esters are very different u not strongly 
supported Consequently, it is rather doubtful if Raman spectral methods 
would be serviceable at present m detecting these ismnexides in a mixtnre 

Bourguel and Piaux** stated in 1931 that they could detect the presence 
of isoprene as an impurity in dimethyl-1 1-allene, without mentioning the 
reference lines of isoprene on which they base their daim I/ater Gehman 
and Osterhof** consider that it is possible to detect not less than 6 per cent 
isoprene in trimethylethylene because (ff the appearance of a weak C » C 
displacement at 1640 cm This is conceivable But it must be rememb¬ 
ered that these molecules are much less complex than terpemc molecules 
and, accordingly, have simpler spectra A large number of papers—^too 
large to examine in detail here—deahng with the detection of isomerides 
in a mixture of terpenes have appeared Not only so but Dupont and his 
collaborators have claimed to establish the occurrence and constitution of 
some hitherto unknown compounds, as well as to establish the existence of 
certain (five in number) unidentifiable teipene analogues or isomers And 
actually, from the Raman spectrum of Americam wood turpentine, Dupont, 
Rambaud, and Bomchon** give the fc^owing composition to the turpentine 
a-Pmene 76, Limonene 9*8, a-Terpenine 6 *2, jS-Pmene 4 (?), Tetpindene 2% 
and y-Teipemne in traces Spectroscopically these quantities are almost 
certainly unjustifiable 


In Table VI the spectra of two fractions containing A*-carene are given 
Fraction 19 shows the two displacements 1640 {an 4) and 1690 {n S) cm **, 
fraction 27 gives 1640 (/ /) and 1690 (n 8) cm -* From this it is reasoned that 
1640 cm must originate from an impurity contaimug an exocychc C « C 
hnk and present in greater amount in fraction 19 than in fraction 27 This 
impurity could be ^-pinene but this is ruled out because no other charac¬ 
teristic displacements of /3-pinene are observed (Companson with the data 
in Table VII for j9-pmene makes this statment debatable.) It is concluded 
that the impurity must be an isomenc carene with an exocydic C C tink, 


called j3-carene and presumably mpresentable as 



of such a claim, from a spectroscopic standpoint is very slender. 
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Th« existence and constitution oi a new type of terpenes, called 
pyxonenes (CioHi,), have been postulated by Dupont and Dulou**< ** in the 
pytdlysis products of pmene The indqiendent dtemkal evidence on the 
structure of these hydrocarbons is still slender and requires confirmation 

In several papers reference is made to chemically unidentifiable terpenes. 
For instance, Dupont and Oachard** report that in the spectra at 54 fractions 
of non-polymerised pmene, obtamed by the isomerisation of pmene by 
60 pet cent sulphunc acid at approximately 60°, four umdentifiable hydro¬ 
carbons X, Y, Z, and T are encountered These have been charactensed 
by the frequencies X 1634, T 1661, Z 1614 and 1666, and T 1702 cm-* 
The intensities of these displacements are never very great and consequently, 
the accuracy of measurements cannot be very high One of the products 
confirmed m certain fractions by chemical and spectroscopic methods, is 
camphene, which is charactensed by the frequency 1668-1663 cm * Is it 
not possible that Y may be camphene even though tests for camphene 
were negative ? In the same paper many displacements are assigned to 
a* and y- teipemnes and to terpinolene, these assignments compnse all the 
available information regarding the spectra of these compounds and are 
listed in Table II Such a procedure of deduang the spectra of compounds 
by examination of complicated mixtures of uncertain composition is quite 
unjustifiable The spectroscopic evidence for the presence of these com¬ 
pounds m mixtures is not acceptable unless cmnpanson with the spectra of the 
pure substances is possible The same cntiasm can be levdled at the 
results for the dehydration products of commercial teipmeol** m which the 
existence of the terpenmes, teipindene, and the umdentifiable compounds 
T, Z, and U (1608-1610 cm-*) is postulated (It may be sigmficant to 
point out that a-terpemne is identified by the frequency, 1610-1614 cm.-*) 

It is not possible to give a detailed discussion of the other work from 
Dupont's laboratory Generally speaking the cnticisms given are apph- 
caUe to the whole of it and particularly to the other papers** ** dealing with 
the analysis of mixtures. 

There is a lack of accurate—4ind Verified—data on terpenes and terpene 
derivatives. Until such data become available the results on the spectro¬ 
scopic examination of comphcated mixtures must be considered as untrust¬ 
worthy Even wh«i such data do become avafiaUe they most be suiported 
by riforoos diemical and physical criteria of punty Hie present position 
is thus somewhat ndndoos For instance, Jatkar and Fadmanatdian^ 
conidode that because their spectrum of dipentene contains frequmicies, 
attiiboted by Dupont and Gadhard** to a-terpenine and teiffinolene. 
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these are present as impurities It has already been noted that, for these 
substain^cs, no reliable spectroscopic data exist Therefore, although from 
chemical standards these are likely impunties, it must be repeated that the 
spectroscopic evidence of their presence is quite unacceptable 

« The dangers inherent in attempting to analyse mixtures of terpenic 
compounds are indicated by Snitter's work” on camphemlene By the 
methods of Raman spectra he concluded that the hydrocarbon which he 
examined was pure camphcnilelle contaminated by 2-5 per cent apoborny- 
lene, but containing no santene Chemical evidence has been adduced by 
Gratton and Simonsen,®’ by Komppa and Nyman” and by lyipp*^ which 
proves that this hydrocarbon is essentially apocyclene and santene 

Summary 

The available Raman spectral data on terpenic compounds are tabu¬ 
lated and reviewed It is concluded that the identification of the consti¬ 
tuents of a mixture of terpenes by Raman effect methods cannot give trust¬ 
worthy results until confirmatory results on possible constituents have been 
obtamed 
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Part IX, Coumarins from Substituted Reaacetophenones and 
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Ik Fait IV of this series, Desai and Hamid^ showed that resacetophenone 
condensed with acetoacetic ester in the presence of phosphorus oxychloride 
with the formation of 7-hydroxy-6-acetyl-4-methylcoaniaim The same 
condensation has been shown to take an entirely different course in the 
presence of anhydrous aluminium chloride by Sethna, Shah and Shah* mth 
the formation of 5>hydroxy>6-acetyl'4-methylcoumann, which has now been 
detected by us in small amounts m the POGt method As these t 3 rpes of 
coumarins are important mtermediate products for the synthesis of fuio*a> 
and>y>pyrones, and coumaiino-a>and-y-pyrones, some of which occur in 
nature, it was thought desirable to ascertain the influence of constitutional 
factors on the course of this condensation ( 1 ) 6 -£thyIresacetophenone, 
(2) Orcacetc^henone, (3) Gallacetophenone. (4) Respropit^henone, (5) Res- 
butyrophenone, ( 6 ) Resbenzophenone or 4-b«izoylresorcinol, (7) 5-Bromo- 
resacctophenone, ( 8 ) Methyl'jS-resacetophenone carboxylate or Methyl 2: 4> 
dihydroxy« 6 >acetyl benzoate, {9} 2 i-diacetylresordnol, (10) 4 6 -diacet 3 d- 
reaozdnol and ( 11 ) Quinacetophenone were condensed with acetoacetic 
ester in the presence of phosphorus oxychloride with the results described 
hereunder 

Bthylresacetophenone or 2 4 -dihydroxy- 6 -ethylacetophettone gave a 
eotuaaxin nuriting at 169** This mi^t be either 8 -ethyl- 6 -acetyl’ 6 -hydroxy> 
i-mUfehylcoumann (I) os 8-acetyl*6*ethyl>6-hydroxy-4-methylooninazin (II), 
but as it gave a positive colour reaction with ferric chloiide, and underwent the 
IBostaneriri Reaction with the formation of a coumarino-y-pyrone (III), the 
ceutlgaoos position of OR and -(X>CHs groups was proved beyond doubt 
Therefore, the eoumaxin has got the structure (I) On Clemmensmi reduc* 
tloHi it gave 8 8-diethyl«0-hydroxy-4-methylcoumann which was ideoitod 
with the product obtained from 4 6 -diethyl resorcinol and acetoacetic ester 
by Mdhta and Shah * We have also prepared coumann (I) by the Fries 
lyansformatiua of 5-aoetoxy'8*ethyl-4-tnethyl coumarin which was obtained 
fsem smQ^I 2 '4>dihydroxy-B^thylbenzoate and acetoacetic ester. The 
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^CKihmann Reaction betwem these two substances would g^ve either 8<«thyl-4- 
caTboniethozy'>6>hydxoxy-4<iuethyl>couniaxiii or 8<caTbomethoxy-6-ethyl-5- 
hydxoxy-4-methyl-couniaxm, but the former stnictuxe was more probaUe 
owing to strong colour reaction with ferric chloride Hydrolyisis of this 
coumarin ester, followed by decarboxylation, gave 8-ethyl-64iydToxy-4< 
methylcoumarin, which has been recently descnbed by Sethna and Shah* 
and when its acetyl denvative was heated with sdumtmum chloride, the 
coumann identical with (I) was obtained 



COCHg o 




Orcacet(^henone or 2 4-dihydroxy-6-methyl-acetophenone gave 5- 
hydroxy>6<acetyl>4 7-dimethylcoamann, the identity of which was proved 
by preparing it by the Fries Transformation of 6-acetoxy-4 7-dimethyl> 
coumann A small quantity of 5-hydroxy>4 7-dimethyl coumarm was 
always found, and this was due to the deacetylation of orcacetophenone to 
orcinol, and subsequent condensation with acetoacetic ester 

Gallacetophenone gave a coumarin mdtmg at 148”, and as it g^v' a 
reddish brown coloration with feme dilonde, the acetyl group was m tad. 
It was, therefore, assumed to be 7 8-hydxoxy-6-acetyl-4-methylcouinann, 
but OUT attempts to prepare it by the Fnes Transformation of 7.8-diacetozy 
4>methylcoumann gave only 7 8-dihydroxy>4>methylcoumarm 

Respropiophenone gave 6-propionyl>7-hydroxy-4-methylcoania3in, which 
has been pr^red in a very small amount by 1/imaye and Shenohkar* by the 
Fries Transformation of 7>propionoxy-4-methyl-coumann Its constitution 
was further proved by the preparation of the coumatino^pyrone. As 
compared with its 6>acetyl analogue, it could be monobrominated with diffi** 
culty Similarly resbutyrophenone gave 7*hydroxy-6-butyxyl-4-methyl> 
coumarin as it gave a positive ferric diloride reaction and a coumarino^ 
pytone. 4>Benzoylresorcinol gave 7-hydroxy-6-benzoyl-4-methylcoumaxui 
which has already been prepared by I<imaye* by the Fnes Transformation 
of 7-benzoyloxy>4>inethylcouniatin It gave the coumanno-o-pyrone by 
the Kostanecla Reaction Incidentally we have worked out the best method 
of preparing 4-benzoylresoranol in quantity by the action of benzoyl diloride 
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«m fesosdQd; in the presence of anhyclroos fttomiaittm <Adoride, and is much 
sttpetlor to those of Nendd* and Shah and Mdita * 

6*Bnnnatesacetophenone, /S-methyl-iesacetophmione caihozylate, 2 * 4* 
diacetyl-T^orcinol, and 4 S-diacetylxesorcmol did not react under any 
conditions, while the result with qmnacetophenone was not defimte Owing 
to close tesemtdance between a-naphthol and resorciiud in the case of tttider* 
going the Pechmnnn Reaction with /3-ketonic esters, we condensed 
4-acetyl-a-naphthol, 4-propionyl-a-naphthol and 4-butyxyl-a-naphthol with 
acetoacetic ester, in the presence of either concentrated snlphuric acid or 
phosphorus oxychlonde, but the acetyl, propionyl and butyryl groups were 
split off, and all of them gave 4-methyl'1 2 -a-naphthapyrone 

OThus from the above condensations, one can safely draw the conclnsioas 
that the presence of negative substituents like Br, COOCHs and COCH, 
hinders the coumann-condensation of resacetophenone and acetoacetic 
ester in the presence of POCl,, while that of the positive groups like CHs, 
and C^Ht has got no effect at all Moreover, as the yield at the coutnarlns 
from acetoacetic ester, and phenols goes on mcreasing in the order of 4- 
benzoyl-resoTcmol, resacetophenone, rcspropiophenone and resbutyzo- 
phenone, the hindering effect of the acyl groups is m conformity with their 
acidic character, the order which is C«HtCO > CH,CO > C«H(CO > C»Ht 
—CO 

Prom our own work, and the investigations of Clayton,' Chakravarti,* 
Limaye,’** Shah*' and their co-workers, plausible explanation on the dectronic 
conceptions can be given for the capacity of phenols and their substitotimi 
products to undergo coumaiiu condensation with open-chain as well as 
cycUc-/3-ketonic esters The feeble power possessed by ordinary phencd is 
enhanced by the presence of electron-donating groups in the msto-position — 
eg,, CHg, OH, OCHg, NH,, NHCH„ N {CH,)„ halogens, etc . but depressed 
and almost annihilate by dectron-attracting groups in the same place —e g, 
NO|, SO^H, COOH, COOME, COCH», CN, CHO, etc Thus resorcinol 
derives its extraordinary power to undergo conmann ccmdensation at posi¬ 
tion 4 (positions 4 and 6 are identical) owing to the election accession from 
the additional hydroxyl in position (I) which is in the ^r«-position to the 
point of attack, and this activation of position 4 ts so great that even the 
presence of election-attracting groups at positions 2 or 8 is not sufficient to 
destroy this power When position C is occupied 

HO 
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by groups which are dectron-siuks, the xesotdnbl derivatives form ooomatins 
with difficulty, while the presence of groiqs whi<di are dectron-aources does 
not seriously interfere with this property. Moreover, as 2-aoetyl resorcin 
forms coumarins with acetoacetic ester m the presence of concentrated 
sulphuric acid, but 4-acetylresorcitt does not (Limaye, loe eU) and 2-nitro- 
resotcin condenses with methylacetoacetic ester, but 4*nitrore60tGin does 
not (Chakravarti and co-workers, loc cvt), it follows that dectron-sinks 
exercise greater deactn’ating influence at position 4 than at position 2 
With regard to the deactivating effects, the quahtative order is COCHji > 
NO| > COOH > COOCHg (Compare Desai and Hamid, loc cit , also 
Chakravarti and co-workers ) No data is available for CN, CHO and SOaH 
groups, but they should exercise greater influence than even the COCHa 
group, and the order should be CN > CHO > SOaH We are trying to 
prepare coumarins from these resorcinol derivatives 

Before concluding, we wish to add a few remarks regarding the con¬ 
densing agents as they may hdp the workers m this fidd Despite the 
suggestion of a number of aadic, basic and neutral condensing agents, the 
best agents are concentrated or 73 per cent sulphunc add, phosphorus 
pentoxide, gaseous hydrogen chloride, phosphorus oxychloride, and anhydrous 
alumimum chloride One advantage of phosphorus oxychloride is that 
besides being successful in cases where sulphunc add is not, it behaves as 
phosphorus pentoxide in promoting the chromone formation** The 
behaviour of anhydrous aluxmnium chlonde is remarkable m the fact that 
whereas the other condensing agents promote the formation of 7-hydroxy- 
coumanns from some resorcinol derivatives, this reagent modifies the reaction 
with the productidn of 6-hydroxycoumanns which are almost inaccessible 
by the hitherto known methods (Shah and co-workers, he ett) 

Expmmental 

Condensatton of resacetophmone wtth acetoacet%c ester and isolation of 
^hydroxy-ti-ac^l-i-methylcoumartn —^The onginal method of Desai and 
Hanud \hc cU ) was shghtly modified as follows A mixture of resaceto- 
phenone (Bg), acetoacetic ester (6g), phosphorus oxydilonde (2cc,) and 
dry benzene (20 c c) was heated on the water-bath for five hours till the 
evolution of hydrogen chlonde ceased After pounng off the benzene solution, 
the residue was extracted with two lots of benzene (20 c c) and the solvent 
was removed by distillation from the combined solution The residue obtamed 
from the benzene solution was recrystallised from alcohd when pure crystals 
of 7-hydroxy-6-acetyl-4-methylcoumann mdting at 212° were obtained On 
(plemmensen reduction, it gave 7-hydroxy-6-ethyl-4-methylcoomarin which 
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was prepared for comparison ftom 4-ethylresoranol, and acetoacetic ester 
by the usual method (Shah and Samant, loc ctt ) The alcoholic mother^ 
liquor, on concentration, gave the same product m an impure condition 
The residue left after the removal of the solvent was repeatedly extracted 
with petrol which, on cooling, deposited small needles melting at 160-162’’. 
Recrystalhsation from alcohol raised the mp to 164-166°, and the product 
was identified as 6-hydroxy-6-acetyl-4-methylcoumann by comparing it with 
an authentic specimen prepared by the method of Shah, Sethna and Shah 
(loc at) 

The carboethoxy derivative of 7-hydro\>-6-acetyl-4-methylcouniann was 
obtained by cautiously adding ethyl chloroformic ester (2 c c) to the solu¬ 
tion of the coumartu (0 6 g) in 5 per cent alkali (10 c c) The insoluble 
solid was filtered off, and crystallised from dilute alcohol in straw-coloured 
needles melting at 141° (Found C, bl 8 , H, 4 9. CuHjiO, requires 
C, 62 -07 , H, 4 8 per cent) 

(4) Condensation of Ethylresacelophenone with acetoaiettc ester and 
synthesis of 1^hydroxy-^-acetyl-9t-ethyl-i~meihylcoumartn —mixture of 2 4- 
dihydroxy- 6 -ethylacetophenone (4 g), acetoacetic ester (3 g), phosphorus 
oxychloride (2 c c) and dry benzene (20 c c) was heated on watei-batli under 
refiux for four hours, and worked up as desenbed before The benzene- 
soluble fraction was repeatedly extracted with hexane to remove the unre- 
acted ketone The hexane-insoIuble portion crystaUised from dilute alcohol 
in colourless needles melting at 169° Its alcohohe <-olution gave reddish- 
violet coloration with ferric chloride (Found C, 68 1 , H, 6 8 , C 14 H 14 O 4 
requires C, 68 * 3 , H, 6 <7 per cent) Reduction with amalgamated zinc 
gave 6 -hydroxy -6 8-diethyl-4-methylcoumann, an authentic specimen of 
which was prepared for comparison by the method of Mehta and Shah {foe 
at) 1 he methyl ether of the coumann (I) was obtained by the usual method, 
and crystallised from benzene-hexane mixture in needles melting at 173° 
(Found C, 69>0, H, 6 3 , CijHi 404 requires C, 69*2, H, 6 15 per cent) 

7 he acetyl derivative crystallised from dilute alcohol in prismatic needles 
melting at 149° (Found . C, 66 *7 , H, 5 7 , C 14 H 14 O 4 requires C, 66 * 6 ; 
H. 6 55 per cent) 

The semtearbazone crystalhsed from alcohol in colourless needles unmelted 
below 285° 

The Kostanecki Reaction with i-methyl-b-hydroxy-Q-acetyl-S-ethylcoutnarm 
and synthesis of 4 2'‘dmethyl-6-ethyl-y~acelyl-coumanno-{5 Q)-y-pyrone — 
A mixture of the above coumann (Ig), acetic anliydnde ( 8 cc) and an¬ 
hydrous sodium acetate (2 g) was heated in an oil-bath at 170-180' C for 
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ten b 0 uxs Tbe solid obtained by poniing Hbat mintnie iate water OD^acU 
ed, and treated wiib a cold 6 per cent sodnun bydnxskfe sokrtioa Tbe 
residue crystallised from acetic add in colourleas needles tndting at 178*. 
Its alcdioUc solution did not gft^e any coIout with aqueous feme ddoride. 
It dissolved in cold concentrated snlphunc add and warn sodinin bydnudde 
soJntion giving yellow sdtition (Pound. C, 68 >9, H, 6 >2; CtJELtfit Kqtntes 
C, 69 *2 , H, 6 *1 per cent ) 

SyfUhests of 4-wiei^i-5-Aydroi^-6-car6ofNeMo«y*8-eM»ylcoiMfiarw».—A mix¬ 
ture oS methyl 2 4*dihydrozy-0-ethyl benzoate (10 g), acetoacetic ester 
(9 g) and 73 per cent sulphuric acid (50 c c) was kq>t m the fiigidaire for 
24 hours, and the solid obtained by pouring it over ice was collected The 
residue left after treating it with 5 per cent sodium bicarbonate sahttion, 
crystallised from alcohol in "pale yellowish needles melting at 165-186* 
(6‘6 g) (Found * C, 63-8 , H, 5 -4 . CnHi*0, requires C. 64-1, H. 5-8 per 
cent) The coumarm dissolved m dilate alkali with a yellow coloat while its 
alcoholic sdution gave a deep violet colour with ferric chloride The sodium 
bicarbonate extract gave, on acidification, the coumann carboi^ltc aetd (0>2 g.) 
which crystalhsed from rectified spint m needles mdtmg at 240° {o&tx ). 

i-Methyl-b-l^droxy-B-earbof^S-etl^leoimanH was obtained Iqr k«^ni^ 
the solution of the coumann ester (1 g) m 10 per cent caustic soda (15 c c) 
for three days, and purifying the solid obtained on acidification with hydro¬ 
chloric acid through sodium bicarbonate Crystallisation from rectified 
spint gave tiny needles melting at 240* (decomp} Its alcobdic sofaiti<m 
gave deep violet colour with aqueous feme dilotide (Found C, 62-7; 
H, 5*0 , CisHiiO( Tequtres C, 62*9, H. 4*8 per cent) 

i^Meti^l-b-kydroxy-B'etli^dcoumartH was obtained by heating the above 
add at 260° in an oil-bath for one hour l^e brown solid was triturated with 
warm sodium bicarbonate solution, the residue dissolved in 5 per cent 
caustic soda solution, and the filtered solution acidified with concentrated 
hydrochlonc add The solid crystallised from dilute alcohol in eoloarless 
needles melting at 211-212° Its solution m alkali was deep-yellow and non- 
flttoresoent, while its alcohohc solution did not give aiqr cdonr with ferric 
chlonde (Found C, 70*2, H, 5*7, requires C, 70*6; H, 6*9 

per cent.) 

The acefyl denvahve crystallised from dilute akohed in small needles 
melting at 112-118“ (Found C, 68*1, H, 6*8, CuH^iO^ requites C, 68*8; 
H, 0 7 per cent) 

Synthesis of i-methyl-ti’hydroxy-Q-acetyl-B-ethylcoimanH —^Au iuthnate 
mixture of the above acetoxy-coumarin (0*5 g) and anhydrons alumimum 
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chloride (1 g) was heated lu an oil>bath at 140-14S" for one hoar The corded 
mass was treated with ice-cold hydrochloric aad. and the dltered sohd was 
dissolved in allcaU The sohd obtained on aadification was dried and 
treated with benzene which dissolved a considerable portion The soltttion 
deposited a solid (m p tdO-164'’} which, on recrystallisation frmn dilute 
afcidio] gave colourless needles melting at 169°, and was identical with the 
conmanu prepared from 2 4-dihydroxy-6-ethylacetopihenane and acetoacetic 
ester (see before) 

(B) Condensatton of orcacetophenone mik aeetoaceite ester and ymBtests 

of }y-hydroi^~i l-dtmethyl~6~acetylcoumarm —A mixture of orcacetpphmione 
(2 g), acetoacetic ester (1 >6 g), phosphorus oxydilonde (1 cc) and dry 
benzene (20 c c) was refluxed on water-bath for three hours The benzene- 
soluble portion was poured out, and the residue extracted with three lots of 
benzene (15 cc each) After removing benzene, the unreacted phosphorub 
oxychloride was decomposed by water After extracting orcacetc^hencme 
with water, the residue crystalbsed from dilute alcohol in needles melting 
at 178° (0 5 g ) (Found C, 66 -9 , H, 6 0, Ci requires C, 67 -2; 

H, 5 2 per cent) Its alcoholtc solution gave deep violet coloration with 
aqueous feme cfalonde The benzene-insdiuble portion (1 *5 g) crystallised 
from alcohol in colourless needles melting at 258-259°, and was identical with 
the authentic specimen of 6-hydroxy-4 T-dunethylcoumann, prepared from 
orcinol and acetoacetic ester by the usual method The ac^l denvative 
of 5-hydroxy-4 T-dimethylcoumarm crystallised from alcohol in colourless 
needles melting at 202° 

Frtes TransfonmHon ofH-ac^oxy-i l~i%methylcomtar%n —^An intimate 
mixture of the above acetyl denvative (1 g) and anhydrous alumimum 
tthlonde (2 g) was heated at 140-145° in an oil-bath for one hour The residue 
obtamed after decomposing the excess <A alumimum chlonde with ice-cold 
hydrochloric acid was ponfied through alkah, and finally crystallised from 
dilute alcohol when colourless needles melting at 178°, were obtamed It 
was identical with the coumanu, m p 178°, obtamed from oicacetophenone 
and acetoacetic ester 

The acetyl derivahve crystallised from dilute alcohol in needles melting 
at 160° (Found C, 66.8, H, 6*2, C„H,A requires C. 65 7, H, O-l 
per cent) 

The semtearbasone crystallised from alcohol in colourless needles un- 
melted below 280° 

(C) Condensation of gaUaceiophenone mlk acetoaeettc esie* and synthesis 
of i-tnefhyl-^aeetyi-l 6’4ihydro:^-c<mmann —A nuxture of gallaoetophenone 
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(2 g), acetoacetic ester (2 g), phosphoitu azycblonde (1 *5 c c.) and dry 
benzene (20 c c) was refluxed on water-bath for three horns, and the benzene 
Eiolution poured oS The residue was twice extracted with benzene and the 
solid recovered after the removal of the solvent was extracted with petrol 
(b p 60-80“) The petrol extract, on cooling, gave a product (m p 140-146") 
which, on recr 3 rstalhsation from dilute alcohol, gave cdoutless needles metting 
at 148“ (yield » 0 5 g) Its alcohohc solution gave a dark reddish-brown 
colour with aqueous feme chloride (Found C, 61 2, H, 4 5, 
reqmres C, 61 5 , H, 4 -S per cent) 

(V) Condensation of resproptophmone with acetoacetic ester and 
synthesis of \-methyl-%-propionyWI~hydroxy-coi4mann — h. mixture of res- 
propiojihenone (5 g), acetoacetic ester (4 g), phosphorus oxydilonde (2 c c) 
and dry benzene (20 c c) was refluxed on water-bath for three hours, and the 
benzene solution poured off The residue was extracted with three lots of 
benzene (16 c c each), and the sohd recovered from the benzene solution The 
unchanged ketone was extracted by hot water, and the residue crystallised 
from methyl alcohol when white needles melting at 227-228“ were obtained 
(Yield 26 per cent) It dissolved in alkali giving a red solution while its 
alcoholic solution gave deep red colour with aqueous feme chlonde 
(Found C, 67 ‘0 , H, 6 1 , Calc for Ci»Hit 04 C, 67 *2 , H, 8 2 per cent) 

The acefyl derivative crystallised from dilute alcohol in colourless needles 
melting at 1S2“ 

The semtearbasone crystallised from alcohol in pale-yellow needles 
unmdted below 286" 

The carboethofQf derivative crystallised from dilute alcohol in colourless 
plates melting at 132“ (Found C, 62 <8, H, 6 *4 , CidHttO* requires 
C, 68 -2 , H, 5 -3 per cent) 

The Kostanecki Reaction mth l-hydroxy-ft^opionyl-i-iHethylcoimartn 
and synthesis of 4 2' ^'-trimethyUcoimanno~{^ 6-)-y-pyrone—A mixture 
of the above coumanu (1 g), acetic anhydride (10 c c) and anhydrous sodium 
acetate (2g) was heated at 170-180° for about ten hours The residue 
obtained after decomposing the excess of acetic anhydnde with water was 
triturated with cold alkali, and the insoluble portion crystallised from dilute 
acetic acid when colourless needles unmdted bdow 270“ were obtained Its 
alcoholic solution did not give any colour reaction with feme chlonde. 
(Found C, 70 *0 , H, 4 *8 , Cx 4 H ,|04 requires C, 70*3, H, 4«7 per cent) 

Bromination of i-metkyl-Q^optonyl-l-hydroxy’Coutnann to H-bropio-4- 
ntett^l-Cy-proptonyl-i-hydroxy-coimann —To a solution of the coumarm (2 g) 
m glacial acetic add (80 c c), bromine (1 c c) dissolved m glacial acetic acid 
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(fi cc) was gradually added After the addition of a trace of iodine the 
mixture was exposed to sunlight for six hours, and heated on water-bath 
for one hour The solid obtained by pounng the mixture mto water cr 3 ^tal- 
lised from acetic aad in colourless needles melting at 140** (Found* Br, 
26 *2, CisHuOiBr requires Br, 26 7 per cent) 

(£) Condensation of reshutyrophenone mth acetoacdtc ester and synthesis 
of i-methyl-Q-butyryl-l-hydroxy-coumann — A. mixture of reshutyrophenone 
( 8 g), acetoacetic ester (2 6 g), phosphoras oxychloride (2 cc) and dry 
benzene (20 c c) was refluxed on water-bath for three hours After the 
removal of benzene, water was added, and the unreacted ketone was removed 
by repeated extraction with water The residue crystallised from methyl 
alcohol in colourless needles melting at 161® (Yield 30 per cent) The 
coumann dissolved in alkali with yellow colour, and its alcohohc solution 
gave reddish violet coloration with feme chlonde (Found C, 68 1 , 
H, 6*9, C 14 H 14 O 4 requires C. 68*1 , H. 6*7 per cent) 

The acetyl derivative crystallised from methyl alcohol in colourless 
needles melting at 160“ (Found C, 66 3, H, 6 7, requires 

C, 66 . 7 , H, 5.6 per cent) 

Synthesis of 4 ‘‘I'-dimethyl-i'-ethyUconnuinno-t^ B)-y-pyrone — A mix¬ 
ture of the coumann (1 g ), acetic anhydnde (10 c c) and anhydrous sodium 
acetate (2 g) was heated at 170-176® for ten hours After decomposing 
the excess of acetic anhydnde, the solid was tnturated with alkah, and the 
residue crystallised from acetii. acid when colourless needles melting at 
244®-246® were obtained (Found C. 70 *9, H, 6 1. Ci«Hj 404 requires 
C, 71 <1, H , 5 2 per cent) 

(F) Condensation of i-bemoylresorcinol mth acetoacetic ester and 
synthesis of i-meihyl-Q-henzoyl-'t~hydroxy-coumartn-—A-Be:taaiy\xesorcxnQl was 
best prepared as follows —Resorcinol (10 g) and benzoyl chlonde (16 g) 
were alternately added to the solution of anhydrous aluminium cUoride 
(12 *5 g) 111 nitrobenzene (80 1 c) and the mixture allowed to remam at the 
ordinary temperature for 48 hours Nitrobeiueue was steam-distilled off 
after the 'decomposition of aluminium chloride with ice-cold hydrochlonc 
acid, and the recovered solid was dissolved in 5 per cent caustic soda, acidified, 
filtered, and again treated with sodium bicarbonate solution to get nd of 
benzoic acid The residue crystallised from hexane in colourless needles 
melting at 146' (Yield 70 pet cent) 

Synthesis of i-methyl-^benzoyl-l-hydroxy-coumann — A mixture of 4- 
benzoylresorcmol (6 g), acetoacetic ester (3 g), phosphorus oxychlonde 
(2 c c.) and dry benzene (20 c c) was refluxed on water-bath for three hours 
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After pouring off tlie benzene solution, the residue was cactraeted twice ndtii 
benzene, and the solid was recovered from the oomldned eadraets. TIw 
residue (nrstalbsed from methyl idcdbol m greenish nee^es tnetting at 
168-170^, but on recrystalhsatioii from the same solvent, coloniless needier 
mdting at ISO” were obtained (Yidd 10 per cent.) Its akcdiolic solntion 
gave a deep red colour with ferric chloride It could neither be methylated 
nor acetylated by the usual methods (Pound C, 72 *6 , H, 4 *2 , Calc for 
Ci,H „04 C, 72-9, H, 4-3 per cent) 

The semtcarbazone crystallised from methyl alccdud in needles mating 
at 240*’ 

Kostanecki Reaciton mth i-‘tnethyl-6-benxo^7-hyiroxy-couiiutrin and 
iynUheais of i^methyl-i'^hen^coumanno^ (7 O)-arpyrtM 0 — A mixture d the 
comnann (1 g), acetic anhydride (10 cc) and anhydrous sodium acetate 
(2 g) was heated at 170-175° for ten hours The residue obtained after 
decomposuig the acetic anhydride was triturated with allcah, and the insoluble 
portion crystalhsed from alcohol when the coumonno-a-pyrone was obtained 
in colourless needles melting at 265° Its alcoholic sdlntion did not give 
any coloration with feme chloride (Pound C, 74 >7, H, 4*1, CttRuOf 
requires C, 76 *0 , H, 8 >9 per cent) 

(G) Attempted conimsaHons of i-acetyt-a-naphthol and ^-bromo-res- 
acetophenone mth acetoacetic ester —A mixture ot 4>acetyl«a-iiapbthol (2 g.), 
acetoacetic ester (1'5 g), phosphorus oxyddonde (1 cc) and dry benzoie 
(10 c c) was r<^uxed for two hours After the removal of benzene, the 
residue crystallised from dilute alcohol m colourless needles mdtmg at 178* 
The same coumann was obtained by using concentrated solphunc add. 
4*Propionyl*a>naphthol, as well as 4-butytyl-a-naphtbol gave the same 
Qoumarin metting at 173° This was identified as 4-methyl-a*uaphtha- 
pyrone During the course of unsuccessful eq;>eiiments of coudensiqg 5- 
bronio>re8acetophenone, the following compounds whidi are new were 
prepared 

3 or ti-Hromoresac^phenone was prepared by gradually adding bromine 
(2 c c) dissdved m glacial acetic add (10 c.c) to a solution of resacetqpbenone 
(6 g) in glaaal acetic add (26 c c,), and pouring the mixture into water after 
keeping it at ordmary temperature for 24 hours The sohd mdted at 165°, 
but recrystalhsation from dfiute alcdid gave needles melting at 187° A 
small quantity of the dibromo-denvative melting at 173-74° was obtained 
(Found. Br, 34 >8 , CjHTOiBr requires Br, 84 *6 per cent.) It was recovered 
undianged on bothng with alkoh 

The dhnethyl ether was preparsd by r^teatedly shaking the alkaline 
sdtttioa (0<6 g m 6 c.o of 10 per cent. NaOH^ with dimetiii^sit^dMEt^ 
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(1 *5 c c), and cryistalhsed from dilute alcohol m fine, colourless needles 
melting at 146’’ Its alcoholic solution did not give any colour urith fenk 
chlonde (Found Br, 30 *6 , requires Br, 30 9 per cent) 

The dtacetyl derivative was obtained by heating a mixture of the brorno- 
ketone (0 ‘5 g), acetic anhydride (Sec) and anhydrous sodium acetate (1 g.) 
for three hours The residue obtained after decomposing the excess of acetic 
anhydride with water was triturated with alkah and the insoluble solid 
crystallised from methyl alcohol when straw-coloured needles melting at 
161-162® were obtained (Found Br, 26 7 , C»HijOsBr requires Br. 26 *4 
per cent 

We are grateful to Dr R C Shah for his mudi usefnl criticism 

Summary 

The condensation of acetoacetic ester with substituted resacetophenones 
m the presence of phosphorus oxychloride has been studied Bthylresaceto- 
phenone, orcacetophenone, respropiophenone, resbutyrophenone, 4-benzoyl- 
resorcinol, and gallacetophenone underwent the desired condensations giving 
the derivatives of 7-hydroxy-4-methylcouinarms Negative results were 
obtained with bromoresacetophenone, methyl, /9-resacetophenone carboxy- 
late, 2 4-diacetylres>oranol, 4 6-diacetylresorcmol, 4-acetyl-o-naphthol, 4- 
propionyl'o-naphthol, and 4-butyryl-o-naphthol We have also studied the 
condensation of methyl 2 4-dihydroxy-6-ethylbenzoate with acetic ester 
for the synthesis of 6-hydroxy-8-ethyl-4-methylcoumarm An explanation 
on the electromc conception has been offered regarding the capaaty of 
phenols and their substitution products to undergo the Pechmatm Reaction 
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